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Editor's Forward by Dr. Yu.A, Izrael 
Research from the last several decades has shown that human 

activit; quite often influences the condition of marine ecosystems 

negatively. AMong these negative consequences is not only the un- 

founded use of ocean resources but also especially anthropogenic changes 

in the chemical and biological characteristics of the marine environ- 

ment. The temperature,gas and chemical regime which has come to be 

in the ocean across many years of geological epochs and which is 

favorable for the development of life is being destroyed in connection 

with the active influx of pollutant substances into the marine 

environment. Thus, currently there have been identified approximately 

4,000,000 chemical substances of them about 30,000 various combinations 

are released by chemical industry. Many of these are toxics and which 


are released under the control of man and circulate into the environment. 


The pollutant substances which enter the world oceans are not 
distributed evenly in it and there are formed zones of intensified 
levels in the coastal areas in the euphotic layer, where the fundamental 
mass of living substances are concentrated. The chemical toxicants 
are becoming at the present time a powerful and constantly acting 
ecological factor which is transforming marine ecosystems as a result of 
organic substances,depends upon the negative consequences of human 
activity. Thus, the annual decrease in the production of nektons in the 


world ocean is approximately a quantity of 20 million tons. 


The appearance of pollution, the danger of an increase of the nega- 
tive authropogenic influences on the ocean have now led to an 


activization of natural protection activities in the ocean's zones. 
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First and foremost concepts of a scientific approach to the development 


of criteria for quality of the marine environment are being created and 


the evaluation of the potential of marine ecosystems taking into 
consideration predicted and already existing changes in anthrogenic 
activity on the ocean. The contours of the most important oceanological 
problem have been defined: This is the problem of the pollution of the 
ocean and ecological consequences of this. In spite of the many various 
forms of life in the world ocean and the presence of different conditions 
in the environment, a wide spectrum of ecological consequences of 
pollution can be identified and brought to a scientifically founded 
harmonic system, which forms the theoretical basis for ecological 
monitoring of the oceanl, Ecological consequences of ocean pollution 
form a whole chain of interrelated reactions, the most apparent 
appearance of which is the transformation of natural biogeocenoses, 

the destruction of carbon nitrogen, and sulfur cycles 

the decrease in biological productivity and the change in the genetic. 


structure of cells. 


1 ierael, YuA., A. V. Tsyban. The problems of monitoring of ecological 
consequences of the ocean pollution, Hydrometcoizdat, 1981. 
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Overview by Prof. Dr. John J.A. McLaughlin and Dr. Alla V. Tsyban 





From July 29 to August 12, 1977 the first Soviet/American expedition 
in the Bering Sea was carried out onboard the Soviet Research Vessel 
"Volna". Investigations were carried out in the polygon (57° 31 minutes 
north latitude and 168° 10 minutes west longitude), situated to the 
northwest of Bristol Bay and to the south of St. Lawrence Island. The 
sea's depth in the region varied from 2,700 meters in the huge southern 
portion of the continental slope (Zhemchug Canyon) to 30 meters in the 


northeastern portion of the shallow coastal zone. 


During the joint expedition at 51 stations, while comprehensive 
hydrological, hydrochemical and hydrobiological activities were carried 
out there were also carried out intercollaboration of methods of 
determining several hydrographical and hydrochemical parameters. Results 
of the expedition's investigations permit the determination of three 
types of water mass in the research region: the coastal, the shelf 
and the water mass of the Alaskan current. Coastal waters having low 
salinity and expressing a thermocliné and helocline, were situated to the 
northeast zone of the polygon. Shelf waters which are characterized by 
sharp temperature and saline stratification were located to the south of 
St. Lawrence Island and encompassed 100 meters isobath. The waters of 
the Alaskan current which have relatively weak temperature and slight sa- 
linity stratification are located to the south of this border to the 


boundaries of the polygon and also along the continental slope. 


Considerably density stratification, characteristic of shelf 
waters, apparently create an effective barrier for the vertical transport 
of substances. The depth of the mixed layer, the level of the euphotic 


zone and the concentration of nutrients increased in the direction of 
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the Continental Slope. 


The evaluation of geostrophic flow shows the presence of a general 
cyclonic circulation directed clockwise towards the region of the 
"principal" water mass and also in the lower part of the shelf zone. 

A general northerly direction of the flow towards the Bering Strait 
has been discovered. At the same time a counter current oriented 


towards the south along the Alaskan coast was observed. 


It is necessary to note that the maintenance of cold water masses 
lower than zero degree centigrade in the zone situated to the southwest 
of St. Lawrence Island testifies to the unequal distribution of the 
water flow towards the north. There also occurs here a certain 
replenishment of waters due to the principal water. mass which is warmer 
and richer in nutrients. Favorable conditions for the development of 


plankton occur at the boundary of a cold water mass. 


Results of the study of the concentration and distribution of 
nutrients in addition to the evaluation of the geostrophic flow rate 
shows the presence of upwelling in the region of the continental slope 
and particularly in the Zhemchug canyon region. An increase of primary 
production to several grams of carbon under one meter squared was 
accompanied by a decrease of nutrient concentration in the euphotic 
zone along the continental shelf. The content of silica dioxide 
determined levels for chlorophyll in this region. Nitrogen and 
phosphorus decreased from seawater in an average ratio of 18.8 tol, 


nitrogen and silica dioxide - in an average proportion of 1.3 tol. 


An active inflow of nutrients creates a fund for primary producticn 


of organic matter in the upwelling zone and determines favorable conditions 


Vv 


—. 


—_ 











for secondary production. In this respect the region of the continental 


slope, which comprises 13% of Bering Sea area, can be regarded 
independently from the point of view of primary production of the entire 


basin. 


It is necessary to note that the results of the Expedition's 
investigations corrected the magnitude of primary production for the 
summer period to 22% (50 x 10°tons ). Previous authors had established 
different values. Thus, the primary production in the Bering Sea 


for the summer period comprises (60 x 10°tons). 


Among phytoplankton of the research area dominated oceanic species. 


A typical oceanic species Coscinodiscus oculus iridis shows maximum 





population in deep depths of the shelf region and also in cold waters 
with low salinity. At the edge of the shelf the population of this 


species was insignificant. 


The population of the dominant forms of zooplankton achieved 
maximum values (9,500 per meter squared) in the edge region of the shelf, 
minimum in the seas (2500 cu meters) were discovered in the deep water 


zone. 


The distribution of several oceanic forms of zooplankton (Calanus 


cristatus, Eugatus bungii, Thysanoessa longipes) were limited to the deep 





water portion of the polygon near the shelf's edge. Cosmopolitan species 


Oithona similis showed maximum population at the marginal region of the 





shelf, the population of this species sharply decreased above the shelf. 


Neuritic species, Acartia longiremis and hetrotropic organisms dominated 





above the shelf and also in the shallow region of the polygon. 


lycRoy, C.P. and J.J. Goering. The Annual Budget of Primary Production in 
the Bering Sea. Marine Sci. Comm. 1976 (2)5: 255.267. 
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The species composition of the plankton's biomass inhabiting the 
shallow water part of the polygon changed over time less than these 
characteristics of the plankton along the edge of the shelf in the 
deep water region of the polygon. This phenomenon is associated with 
the active dynamics of the waters near the edge of the shelf in the zone 
of the transectional currents influence. In the shallow water portion 
of the polygon temperal changability of species composition and the 
plankton's biomass wes substantially less than in the deep water part 
of the polygon. This can be explained by the active dynamics of the waters 
near the shelf's edge in the zone of the transectional current's 
influence. The results of comprehensive investigations elucidated 
chemical conditions of the water mass and also the new water layers of 
the atmosphere under conditions for a specific year. 

For the first time for the Bering Sea there have been carried out thoroughly 
extensive examinations of the content and distribution of trace elements, metals 
and hydrocarbons, including low molecular weight benzo(a)pyrenes, in the 
water colum plankton and the oceanic atmosphere. A comparison of the 
expedition's materials with data of investigations from other regions 
of the world's ocean testifies to the favorable ecology of this basin 
and to its relative purity of its ecosystem (a so-called "pristine" 
ecosystem). Observed spectrum of concentrations of hydrocarbons, trace 
elements, sulphur dioxide corresponded to background levels and were 
characteristic of open regions of the ocean. However, the question of 
the source of distribution and accumulation of benzo(a)pyrene in the Bering 


Sea ecosystem remains unexplained and requires further investigation. 


It is necessary to note in particular the concentration factors of 
metals and particularly of benzo(a)pyrene in planktonic organisms. This 


fact stresses the ability of marine biota to accumulate chemical 


compounds even in a relatively pure environment and accumulate them in 





concentrations considerably greater than in sea waters. The chemistry 
of the nearwater layer of atmosphere and the thin nearsurface microbio- 
tope of the ocean are closely related. As a result of specific 
continuous physical - chemical processes in the region of the inter- 
action of the ocean and atmosphere in the surface film and the adjacent 
thin layer of water, there are accumulated chemical elements and 
organic substances which are transported to the surface of the sea f om 
the water columm. Elimination of these compounds fre. the marine 
environment in the process of ocean aerosol formation results in an 
enrichment of the oceanic atmosphere by chemical elements aud their 
pollution especially in coastal regions and internal sees. Taking 

into consideration the possible impact of atmospiecric trensports and 
precipitation of pollutants on the state of the <r'ng Sea's ecosystem, 
a detailed examination of the biological and chemical processes in the 
region of the near surface microbiotop seems to be both topical 

and necessary in the light of the tasks of ecological monitoring of 


the ocean. 


Summarizing the eforementioned, it is necessary to make note of 
the importance of the Expedition's investigations that have been 
carried out from the point of view of studying the new processes 
in the Bering Sea, the evaluation of the state of its ecosystem and 
the development of long-term observations for the establishment of a 
system of background monitoring of the ocean and the study of the 


ecological consequences of its pollution. 


It should be noted by all that the presence of pre-doctoral and 


pre-masters students working side-by-side with their Russian and/or 
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American counterparts produced many friendships which we trust in the 
future will lead to a better understanding of the inherent human 
concern for the work, ideals and objectives of all mankind, It is 
our belief that the small contributions made during this expedition 
will hopefully contribute towards a totally world-wide system of 
scientific interdependence. As we progress into the 2lst Century, 
we must be more aware that the earth does represent the equivalence 
of a home and must be treated in a manner such that it could weather 
the onslaught of great variations of prosperity and pollution and 
remain a balanced ecosystem. 

It is our deep hope, that of all the creatures on the earth, man 
witi his intelligence and free will can transcend the trials placed 


upon his mind, body and soul. 
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I, INTRODUCTION 


Study Framework 





Marine pollution is primarily associated with 10 percent of the 
world's ocean namely the continental shelf (McLaughlin and Alexander 1973). 
The continental shelf of the Bering Sea, which comprises approximately 44% 
of the total area of this sea, is one of the most productive regions of 
the world (}cRoy and Goering 1976; Hattori and Wada 1974; Hood and Kelly 1974). 
No significant direct contamination of the Bering Sea by manmade materials is 
yet apparent except for some wind borne material (Hood and Kelly 1974). How 
long this will remain true depends primarily upon the development of natural 
resources and industry by the Soviet Union and the United States not only along 
the perimeter of the Bering Sea but also m the shelf itself, In view of the 
impending development of the region there is an urgent need for the establishment 
of a Bering Sea data bank. The nature of these data must be such that the 
biological health of the area prior to development can be validly documented and 
at the same time be capable of inclusion in predictive ecosystem models. To 
accomplish this, a monitoring program should be established and the success of 
this program will, in part, depend on joint cooperation between Russian and 


American scientists. 


The U.S.-U.S.S.R. oceanographic expedition to the Bering Sea (summer 1977), 


made possible through the efforts of the U.S.-U.S.S.R. Joint Committee on 





Cooperation in the Field of Environmental Protection (Project 02,05-41 

Biosphere Reserves), was an active exoression of concern for the protection 
of this highly productive and mutuelly exploited resource. The expedition 
was developed to examine 4 region of the Bering See west of a known area of 


high productivity where there existed a substantial void in baseline data. 


The goals of the expedition as outlined in the expedition's protocol 
were: 

(1) To collect selected baseline physical, cherical and biological 
data; 

(2) To delineate sources of nutrients to the study area es 2 preliminary 
explanation of the mecharisms which effect pentuctéviews 

(3) To determine the presence and quantity of hydrocarbon and retel 
pollutants; and to evaluate their moverént in relation to the transport of 
nutrients; 


(4) To evaluate and intercalibrate oceanographic methodolory with the 


Soviet scientific personnel. 


Expedition and Region of Study Descriptions 





In fulfillment of the U.S.-U.S.S.P. agreement for the Protection of 
Environment: Biosphere Reserves, the prctocol for e cooperative oceanographic 
expedition to the mutuallv exploited resources of the Bering Sea was developed 
at meetings in Moscow, April 1977, The head of the scientific delegation 
representing the United States at this series of meetings was Pr, Robert Putz of 
the U.S. Fish and Wildlife Service, Department of the Interior, 

Dr. John J, A. NeLaughlin of Fordhar University was the Chief U.S. scientific 


negotiator for protocol development, 


a 














3. 


The protocol that resulted from these meetings defined the study 
area, Sampling methods and anelvtical techniques for the expedition, The 
region selected for studv was that saree within the general confines of 
57931'N=63°00'N and 168°10'W-178°10'W, This recion is northwest of the highly 
productive Bristol Bay and south of St, Lawrence Islend, The bathymetry of 
this region ranres from continental slope at the southern extent with a maximum 
depth of 2,700 m in the Zhemchup Canvon to less than 30 m depth in the northeast 
coasts] zone, The volcanic St, Matthew Island is located in the approximate 
center of the study area, The expedition was conducted aboard the Soviet 
Hydrometeorolorical Institute research vessei Volna. Nine U, S, scientific 
personnel under the direction of Dr, John J. A, McLauchlin were present on 
the exnedition, The Soviet scientific personnel (28) under the direction of 
Dr. L. K. Konopkin were also present on the expedition, The expedition began 
in late July 1977 at Putch Harbor, Alaska woere the U.S, scientific team, 
enalytical equipment and power conversion system were taken aboard the Volne. 
Fifty-one oceanographic stations were sampled on a 2,600 mile (4,186 km) course 


over the northeastern shelf of the Bering Sea from Julv 29 = August 12, 1977. 


Bering Sea Geography 





The Bering Sea takes its name from the Russian, Vitus Bering, who first 
explored the area in two cruises during 1725 - 1743, The Bering Sea (Fig. 1) 
lies within latitudes 51°N and 66°N and longitudes 157°W and 163°E. The 
northern and southern physical boundsries are the Bering Strait and the Aleutian 
Island chain, The eastern and western boundaries are the North American and 


Asian continents, respectively, The Bering Sea is the second largest of the 

















relatively confined seas; the Mediterranean Sea being the largest (Shor 1966), 
Although it is often referred to as an extension of the North Pacific (Hood 
and Kelly 1974), the volcanically formed shallow sills of the central and 
eastern Aleutian chain effectively separate the Bering Sea from the Pacific 
Ocean, The Berirg Sea has a total volume of 3.7 x 10°km3 and an average depth 
of 1,636 meters | Shor 1966), Of the total 2,3 x 10°km@ surface area, 44% is 
shelf, 43% is abvssal and 13% is continental slope (Hood and Kelly 1974), Most 
of the continenisl shelf is less than 200 m deep, This shelf area is also 
referred to as the Fpicontinental Bering Sea (Hattori and Wade 1974), This | 
area was land as recently as 20,000 years ago (Hood and Kelly 1974a), The 

weter over the shelf of the Bering Sea, delineated by the continental shelf 
margin extending from Samalga Pass in the Aleutian Islands to Cape Navarin in 

the Siberian Coast, has been defined as the Eastern Bering Sea (McRoy et al. 

1972) md will be referred to as such here, The section of the Bering Sea east 

of a line between Nunivak Island off the Alaskan Coast and the Pribilof Islands 
will be considered here as Bristol Bay as defined by Coachman and Charnell (1977), 


Reletively steep slopes (4°-5°) oceur upon the edge of the shelf area and lead 





to the deep (3,000m) Aleutian Basin (Shor 1966). 


Circulation 





It is generally accepted that the source of seawater into the Bering 
See is from the Alaskan Stream (Ohtani 1974; Hughes et al. 1974; Favorite 1974; 
Takenouti and Ohtani 1974; Peed 1971; Coachman and Charnell 1977). The Alaskan 
Stream originates off the northwest coast of Japan where the Gya Shio and Kuro 


Shio currents meet. Prevailing winds drive the Kuro Shio across the Pacific 
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Figure 1, Major georrephical features of Berinre Cea, 


Dashed lines are bathymetric contours, 


north of 40°N, The current then divides and a portion of it proceeds sovth and 
forms the California Current, The remainder proceeds north into the Gulf of 
Alaska, The current's westward exit from the Gulf of Alaska is known as the 
Alaskan Stream, A portion of the Alaskan Stream moves northward through the 
Aleutian passes, The distribution and intensity of flow through the Aleutian 
chain has been the subject of debate (Hughes et al, 1974; Reed 1971; Favorite 
1974; Takenouti and Ohtani 1974; Takenouti 1976). Favorite (1974) summarized 
historical records of flow through the Aleutian Passes, The passes that 
accommodate most of the northern flow are the Amchitka Pass (1155 m depth) in 
the central] Aleutians and the Commander-Near Strait (200 m depth) in the 
Commender-Near Islands, Estimates of northward flow through the Commander-Near 
Strait made by Favorite (1974) and Hughes et al. (1974) are 1] Sv and 25 Sv 
respectively (Sv indicates Sverdrups = 10°r3gec"!), Favorite (1974) estimated 
flow through Amchitka Pass as 4.4 Sv, Input through the eastern Aleutian froup 
is relatively small on a yearly basis and exchange occurs in both northerly and 
southerly directions (Reed 1971), Takenouti and Ohtani (1974) estimated a total 
northwerd flow into the Bering Sea to be 11 Sv, While disagreeing on the 
magnitude of flow entering the Bering Sea there is a reneral agreement that this 
northward flow becomes part of the counterclockwise gyre in the Aleutian Basin 
and that most of this flow exits through the deep (4,420 m) Kamchatka Strait to 
the far west (Hughes et 91. 1974; Takenouti and Ohteni 1974), The remaining flow 
moves north and exits through the Bering Strait into the Chukchi Sea. A 1.4 Sv 
flow through the Bering Strait was measured by Coachman and Aapeaard (1966). 


Codispoti and Owens (1975) have employed a 1.5 Sv current for use in a silica 














budget of the Arctic Ocean, The path of the northward flow from the basin 


over the shelf has been indicated by Natarov (in Hughes et al, 1974) as passing 
mostly to the east of St. Lawrence Island, The current speed in the Bering 
Sea is generally a few cm/sec except along the continental slope where 

10-15 cm/sec have been obtained through geostrophic calculations (Takenouti 


and Ohtani 1974), 


Hughes et al. (1974) found the wind stress field to be the primary 
mechanism for Bering Sea circulation from studies using drogue buoys, but they 
concluded that, in general, data for circulation in the Bering Sea are 
incomplete. Further flows are suspected to be highly variable considering the 


orders of magnitude of changes in winds that occur over the year (N.O0.A.A. 1977), 


Arsenev (1967) indicates that the shallow southeast part of the Bering 
Sea is separated from the deeper southwest part by a system of "transverse" 
currents, The location of the bar of the Transverse Current coincides 
approximately with the lower boundary of the eastern continental slope. Very 
low current velocities (5 cm/sec) are characteristic of the eastern shallows; 


in the bar of the Transverse Current velocities are markedly greater (around 





10 cm/sec), The exceptionally low heating of the water mass in the region of 
the shallows is a basic result of the fact that here, over the course of the 
summer,the layers below 15 to 20 m are kept cold by winter water. The 
insulation and preservation of this cold spot over the entire warm period of the 
year also contributes to the character of the currents, They form,in this region, 


a weak but stable stationary anticyclone - - an unusual stagnant region, 





practically immme to advection of heat from other sea regions, The temperature 
discontinuity layer in the deep-water part of the study area was at a depth 
of 30 to 50 m during the period studied; in the shallow water region it was 


at a depth of 10 to 20 m, 


Data on the freshwater input via river discharge was collected and 
analyzed by Roden (1967), The major rivers emptying into the Bering Sea are 
the Anadyr and Kamchatka Rivers on the western border and the Yukon and 


Kuskokwim Rivers which enter on the eastern shelf. 


The Yukon River, which empties into Norton Sound at 8 mean annual 
rate of 6,220 msec, is the largest contributor. Yukon River flow is highly 
seasonal (due to snowmelt) and approximately 60% of its flow exits during June, 
July and August. Combined mean annual discharge of the four major rivers 


emptying into the Bering Sea is 9,200 m/sec (Roden 1967). 


Ice Formation 





The relationship of winds and air temperatures to the duration and 
southern extent of ice cover in the Bering Sea was studied by Konishi and 
Saito (1974) and McLain and Favorite (1976). In general, the southern ice 
limit is marked by the bathymetric contour of the rim of the continental slope. 
For most of the period from November through May, the continental shelf is 
covered by sea ice, most of which is formed locally (McRoy and Goering 1974). 
Generally, in November the ice front is located near St, ‘\‘atthew Island 
( 60°N). The front proceeds south to the continental slope and remains there 
during midwinter months. By June the ice front has retreated north to the 
vicinity of St. Lawrence Island and by July, to the Bering Strait (McRoy and 


Goering 1974). The intensity of cooling during winter varies from year to year 





and is related to wind, temperature (}cLain and Favorite 1976; Konishi and 
Saito 1974) and sunspot activity (Takenouti 1976), Takenouti (1976) 
summarized research that supported the relationship between increased sunspot 
activity and cooler winters in this area, The water colurn beneath the sea 
ice is vertically well mixed and water temperatures renerally are within the 


range of -1,.5 to -1,8°C. 
Productivity 


The Fpicontinental Bering Sea is one of the most productive areas 
in the world (Hattori and Wada 1974). The Bering Sea supports a major 
commercial fishery of pollock, cod, ocean perch, black cod, halibut and 
rattails (Hood and Kelly 1974; Wilimovsky 1974; Alton 1974; Best 1977). The 
shelf area supports a larce nursery for halibut and Alaskan pollock (Best 1977; 
Maeda anc Hirakawe 1977), Total reported fish cetch of the ares is on the order 


of 10° metric tons of fish per year and not all countries report full catch data 





(Wilimovsky 1974), The vield of demersa] fish per unit area in the southeastern 


Bering Sea exceeds that of the North Sea, Newfoundland Banks and is more than 





double thet of Georges Bank (Alton 1974), Tenner King crab, pandalid shrimp 


and molluscs are commercially harvested. 


Pegional means of benthic biomass range from 55 e/ne in the southeast 
shelf region to 905 g/n* on the northern shelf (Alton 1974). In terms of 
demersal fish yviel¢ this food source is largely wnexnloited since pollock, which 
compose 73% of trawls, feed primarily on nektonic and nektobenthic food 
organisms (Alton 1974), The knowledge of fish fauna other than commercially 
exploited species is generally sparse (Wilimovsky 1974). According to Neiman the 
biomass of benthos in the Bering Sea is 250 g/m on the shelf, 300-400 g/m in the 


northwest region, 468 g/m in the Anadyr Gulf, 905 g/mé in the Chirikov basin and 


55 g/m in the southeastern region, Reserves of benthos on the shelf of the Bering Sea 
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amount to 1,783 million centners of which 640 million centners are edible fish. 

The biological driving forces at the base of the Bering Sea food 
chain that ultimately accommodates commercial exploitation of higher trophic 
levels are the primary producers: the phytoplankton and to some extent 
attached aquatic macrophytes (\cRoy et al, 1972; Barsdete et al, 1974; 
NeRoy and Goering 1976), The dominant phytoplenkters in this area are diatoms 
and dinoflagellates (!arumo and Minoda 1976; Votoda and Minoda 1974), Eel grass 


(Zostera marina), which grows in leroons on the perimeter of the Bering Sea 





(McRoy and Goering 1976), is the most important macrophyte contributing to 


Bering Sea production (Barsdate et al, 1974), 


MeRoy and Coering (1976) estimated total annual primary production in 
the Bering Sea to be 2,74 x 108 metric tons of carbon, Approximately 67% of 
this productivity is associated with 2,7% of the total volume of the Bering 
Sea which is shelf water, McRoy and Goering (1974) showed thet the development 
of algae on the underside of sea ice is a major contributor to fixed carbon and 
in their budget, estimate its contribution to be 2.4 x 10” metric tons per year, 
High production rates are associated with the edge of the ice front and with 
the wake of the retreating ice in spring (McRoy et al. 1972; McRoy and Goering 
1976), MeRoy and Goering (1976) have estimated that 45% of total primary 
production occurs during the 60 days of spring in the Bering Sea and that only 
18% is associated with the 92 days of summer in the area, However, NcRoy 
and Goering stress that due to the lack of good spatial and temporal resolution, 
their production estimates should be considered as a hypothesis for future 


research and not a definitive description of primary production processes. 


During summer, primary production rates range from 10 ¢ C/n* /day to 





several hundred mg C/m* /day (McRoy et al. 1972; McRoy and Goering 1976; Hattori 








ll. 


and Wada 1974). McFoy et al. (1972), using a 14 uptake method, measured 
4.1g¢g C/m* /day of primary production in the Bering Strait in summer, 1969, 
Motoda and Minoda (1974) in 1968 estimated production rates of 1.5 ¢ C/m* /day 
on a transect across the Aleutian Basin from Amchitka Pass northward to the 
continental slope. McRoy (1970) estimated production rates of eel grass in 
lagoons along the Alaskan Coast as high as & fr C/m* /day but the totel 
contribution of these areas is estimated to be less than 2% of the total 


annual production of the Bering Sea, 


Hood and Kelly (1974) concisely indicated the state of knowledge 


concerning processes associated with primary production in the Bering Sea: 


Despite what may appear to be a harsh climate for phytoplankton 
growth, the Bering Sea shelf region supports production rates 

that are surpassed only by upwelled regions of the world such as 
exist on the eastern borders of the Pacific and ftlantic Oceans, 
Oceanographic features of the area must provide the elements 
necessary for such high sustained productivity; however, the specific 


functions cannot be clearly defined, 


The major source of nutrients to the Bering Sea is the Pacific Ocean, 
Upwelling at the Aleutian Passes due to the interaction of converging currents 
and bottom topography was reported bv Kelly and Hood (1971), Other areas that 


are Of local importance in nutrient exchanre ere the rivers and lagoons on the 


eastern coast of the Bering See (Hood and Reebureh 1974). 
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II, METHODS AND MATERIALS 


Sampling Method 





A. Location of Study Area 





The positions of the stations and course of the Volna are shown 
in Figure 2. The corresponding latitude and longitudes and sampling dates 
can be found in Table 1. The sampling grid was composed essentially of four 
transects, two running in the north to south direction and two running in a 
general west to east direction, The distance between stations in the northern 
west to east transect (N., W-E) and between stations in the southern west to 
east transect (S,, W-E) was approximately 55 km, The distance between stations 
on the western north to south transect (W., N-S) and between stations in 
eastern north to south transect (E., N-S) was approximately 90 km, The primary 
stations as agreed upon in the expedition's protocol are those numbered 1 to 48 
in the sampling grid, Stations 1-24 are the approximate positions of stations 
25-48 respectively. The time between reoccupation of station ranged between 
six to eirht days, Stations Cl, C2 and C3 were elso sampled for chlorophyll a 


determinations and served the expedition as "test" stations for equipment checking. 


B. Meteorology (USSR) 





The background material for the analysis of synoptic processes and 
weather along the route were meteorological charts, made on the ship for 00 h 
(Greenwich), surface analysis charts and baric topography received through 
facsimile communication links of RNC Tokyo and Pearl Harbor and data of 


the meteorological observations carried out on board the ship eight times per day. 
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1) Actinometric Observations 





Actinometric observations during the cruise were conducted 
to observe the variation of temporal and spatial features of integral, direct, 


reflected and scattered solar radiation intensity. 


In accordance with the program otservations were started 
from July 17. During stormy weather, as well as while mooring, the actinometric 
arrow was brought on board the ship and observations were stopped, During 
the trip there were two moorings: from 16 to 23 July to 28 duly 1977 at the port 


of Dutch Harbor and from 20 August tc 25 August 1977 at Seattle, 


Measurements of solar radiation intensity were made by standard 
thermoelectric instruments, neceivers of integral and reflected radiation were 


coated to reduce contact with weter. 


Receivers of radiation were located on the ship in the 
following way; 

- direct radiation measurements were made from the upper 
bridee actingneter No. 268 mounted on cardanic suspension; 

- pyranometer No, 1268 (solarigraph) and pyranometer No. 2900 
(recorder of reflected radiation) were mounted at actinometric arrow witn 
eardanic suspension, The height of instruments above the surface of the water 
was 10 m, the distance from the ship's bow was -1U m; 

- the receiver of solar scattered radiation (pyranometer 
No.1065 and No. 1005 from August 2) was mounted on the upper bridge at a height 
of 13m above the water surface on cardanic suspension. Potentiometer 3NM-09 


was used for measurements of solar radiation intensity; 





- integral, reflected and scattered radiation were recorded on 
3MM-09 No. 7837 with scale 2 mv with a tape transport speed 6. 
The record of direct solar activity was made by potentiometer 


~09 No, 7838 with 2 mv scale with a tape transport speed 50 cm/h. 


C. Atmospheric Chemistry (USSR) 





1) Padioactive Nuclides 





Atmospheric aerosol samples for analysis of radionuclide 
(Ppele po-!4) content were obtained by pumping large volumes of air throurh 
an acetyl cellulose filter (FP?-15) with a ae section of 0.5 n, A blower 
producing 25* m?/min was set up on the upper bridge and run without interruption 


throughout e 24-hour period. The filters were changed every six hours, 


After the aerosol sampling was corplete, the acetvl cellulose filter 
layer was carefully separated from the gauze base, turned so that its workings 
surface was inside, and placed in a press 49 mm in diameter under a pressure 
of 150 atm. This produced a brickette 49 mm in diameter and 10 mm thick, 


which was then analyzed in a spectrometer. 


The natural radionuclides Pb@14 were determined through the use of a 
gamma spectrometer, The scintillation famma spectrometer consisted of 3 
USD-1 detector with an NaI(Tl) crystal measuring 40 mm in diameter by 40 rm 
and a 4-128-P 128-channel type A impulse analyzer, The data were read out on 


a digital printer attached to the analyzer and EPP-09 recorder. 


- 


To determine Pb“4 the Sample was measured immediately after sampling 
was completed, The sample was exposed on the spectrometer for 20 minutes, 


Po<4 was identified and calculated on the basis of the full absorption peak of 


609 lev gamma quanta. The concentration of Pb@14 in the layer of atmosphere 





14, 
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adjacent to the water at the morent when sampline wes completed was corruted 


in curies/liter by the forrula: 


Appel = 





2.22410) «Kyo, po a 2 a8 1°%),y 
L 2 


where Neng = the amplitude of the F_ = 699 kev neak (imp/min); 


and d ‘ 
1 
- < = the decevy constants of po@}4 and Bit . equalling 


Nj= 2.59+107*rin™? and 


1 


\ a= 3.52° 107“min™ respectively; 


K = the effective quantur output of 609 kev ramme quanta in the 


decay of Biet4(K., = 0.33); 


of 609 = the amplitude effectiveness of detection of 609 kev gamma 
609 
quenta in the siven geometry (F = 4+1073); 
v= the volure velocity of air purved through the filter (m3/min); 


t= the tire elapsed from the corpletion of sampling to the mid- 


point of exposure of the sample in the camma spectrometer (min). 














To determine Pb*!2 the sarple was measured 6-10 hours after sampling 


was completed, i.e. after the short-lived nuclides ppel4 | Biel4 etc, had 
decayed. The sample was exvosed on the spectrometer for 20 minutes, ppele 
was identified and calculated on the basis of the full absorption peak of 
239 kev garma quanta. The concentration of Po“1¢ in the layer of atmos- 


phere adjacent to the water at the moment when sammling was completed 


was computed in curies/liter by the formula: 





At 
N A.e 
212 = -” 
Ipper* ~ 
J 239 Ky? 39 v.2.22+101%( j~e-M 
where ‘lo3q = the amplitude of the Ey = 239 kev peak (imp/min); 
A = the decay constant of ppele 
-3.. <1 

(A= 1.09-1074nin™+); 

t = the time elapsed from the completion of sampling to 


the midpoint of exposure of the sample in the gamma 


spectrometer; 





Fe = the amplitude effectiveness of detection of 239 kev 


geamres quanta in the given measurement geometry 


(S239 = 2,6+107*); 


K,<39 = the quantum outnut of 239 kev gamma quanta in the 


decay of scien |. shell = 0.47); 


t = the sampling time (min). 
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Figure 2, Location of stations and station labeling. 
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Table 1 


Positions, Sampling Dates and Depth of Stations of the Bering Sea Expedition, 1977 











STA® STA*# POSITION* POSITION#* DATE*  DATE** DEPTH DEPTH ** 
C1 55°30'N 166°00'W 12 29=77 125 
C2 55°30'N 170°50'W 1229277 3365 
C3 56°25'N 173945 'W = 30=77 2580 
1 25 57°30'N 173°20'W Same 7= 30-77 8-06-77 125 123 
2 2 57045'N 174°10'W Same Ta31-77 8-06-77 = 144 110 
3 27 57°59'N 175°00'W Same J=31-77 8-06-77 2700 2630 
4 28 58°30'N 175°50'W = 58°15'N 175°5O'W = "7431-77 8-07-77 2700 2700 
5 29 58°30'N 176°40'W Sare 7-31-77 8-08-77 1140 1140 
6 30 59°00'N 177925" = 59°OL'N 177°18'W . 8-01-77 8-08-77 130 140 
7 31 59°35'N 178°10'N 59°30'N 178°10'W = 8-01-77 8-08-77 225 220 
8 32 59°12'N 175°48'W Same 8-01-77 8-09-77 140 137 
9 33 59°55'N 174°56'W Same 8-01-77 8-09-77 115 119 
10 & 60°37'N 174°12'W = 60°37'N 174°O5'W = 8202-77 8-09-77 90 85 
ll (35 61°20'N 173°42 "Ww Seme 8-02-77 8-09-77 70 70 
12% 62°02'N 172°17'W Same 8-02-77 8-09-77 58 58 





* First Sampling 


** Second Sampling 


12 


“ST 
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Table 1 «= continued 
STAY STA POSITION POSITION #* DATE® — DATEX* DEPTH DEPTH 
13 37 63°00'N 173°40'F Same 8-03-77 8-10-77 "0 iy 
14 38 = 62°45'N 172°40'!" Same 8-03-77 8-10-77 57 57 
15 39 62°30'N 172°40'W Same 8-03-77 810-77 50 49 
16 40 62°15'N 170950") Same 8-03-77 8-10-77 45 41 
17 41  62°00'N 170°00'\! Same 8-04-77 8-10-77 44 Ad 
18 42 61°45'N 169°05"'7 Same 8-04-77 8-10-77 37 38 
19 43  61°30'N 168°10'W Same 8-04-77 8-11-77 29 29 
20 44  61935'N 170935" Same 8-05-77 8-11-77 49 48 
21 45 60°49'N 171932" Same 8-05-77 8-11-77 62 60 
22 46 60°06"! 172°28'y Sane 8-05-77 8-12-77 58 58 
23 47 59°25'N 173°21"'Y Same 8-05-77 8-12-77 100 100 
24 48 58°41'N 174°10'W Same 8-06-77 8-12-77 140 139 





* 


First Samoling 


** Second Sampling 





1g 





*6L 





2) Sulfur Dioxide 





The sample-taking arranrerent for SO, was comprised of 
bubble-type gas absorbers with absorbing solutions or sorption tubes 
(packed columns) and microcompressors with a volume rete of flow of 
approximately 5 1,/min, This system was also mounted on the bow of the 
ship. The construction of the wind vane, which was mounted on an iron 
stand, permitted the air-intake devices to be operating only when the 
direction of the wind was within + 60° from a headwine, If the wind 


direction was across the beam or abaft, the wind vane would close the air. 


intake devices through electronic connecticns, 


The sampling period for each sample of air sarpled for 
sulfur dioxide, trace metals and hydrocarbons was approximately two days, in 
the course of which the air passed through the filters amounted to a volure of 
approximately 2500 m? » and that passed through the bubble-type absorbers and/ 


or sorption tubes was greater than 1 m3, 


Sulfur dioxide was sampled by two different methods. In one 
case it was dome by bubbling the air sarple to be analyzed through a solution of 
disodium tetrachloromercurate, and in the other by absorbing the SO, on the 
surface of a solid sorbent, the granules of which were wetted with a glycerin 
solution of disodium tetrachloromercurate. There were 9 number of advantares 
to taking of the sample of sulfur dioxide on the solid sorbent; for exemple, 


a two to threefold increase in the volume filtered was possible, with the 


concomitant shortening of the exposure time. However, in worldwide practice 
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there is a lack of experience in determining backpround concentrations using 
solid sorbent and one of the tasks which was worked on during the expedition 
was the development of a method of sampling onto a solid sorbent in regions 
of clean atmosphere, and a comparison of the two sampling methods. Over the 
course of the expedition, 26 parallel samples were taken using the above- 
mentioned methods cf semple-taking, The results of the determinations are 
shown in Fig, 3 in graphic form, showing the correlation of the concentration 
values determined by the two methods, As seen from this figure, the results 
from both sample-taking methods were similar, and the scatter in the data was 


considered to be insipnificant, 


Svecially designed experiments showed that the pass through of sulfur 
dioxide was virtually zero when the rate of flow of air through the absorber 
was on the order of 5,0 liters per minute, with a total throughput of up to 
2m, This result permitted taking sulfur dioxide samples with two absorbers 
connected sequentially, with the sample from the second absorber used as the 
"null" sample in the determination of differences in optical densities. This 
method made it possible to exclude the possibility of errors connected with 
the effects of external factors on the absorber, particularly in the event of 
an extended exposure time, since in this case the "working" and "null" samples 
would be operating under identical conditions for the entire period of exposure, 


and would be subject to the effects of external factors to an equal depree,. 


The enalysis of the samples was carried out by the modified method of 
West and Ceike (1956 ), ueing an SF-16 spectrophotometer at a wavelength 
of 545 nm, The sensitivity limit for the determination was evaluated as an 
amount of SO, of 0.2 microgram per sample, which, assuming a sample of 1 m? 


of air, corresponds to a concentration of 0.04 micropram/m>, 
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Trace Metals 





As indicated the sampling system was mounted on the bow of the ship. 
The sampling period wes approximately two days, and the total volume of air 
filtered was approximately 2500 n, The filters were made of acetyl cellulose 
(FPA-15) with a surface area of 250 om, The volume flow rate of the blower 


was approximately 100 r/hr. 


Filters F1-F7 were used to determine the content of metals in the air. 
These filters were calcined in a mffle furnace at 450°C for 5-6 hours until 
a grey or brown powder was formed, After each calcining the porcelain 
crucibles were treated with a mixture of hydrofluoric and nitric acid at around 
200°C to remove residues of the sample. After calcining a suspension of the 
ashes with an accuracy of 0.1 me was oroduced in order to determine the total 


metal content. 


The ashes were dissolved in teflon dishes which were placed on a rocker 
and heated. Two to three ml of a high purity 2:1 hydfluoric nitric acid mirture 
was poured onto the ashes, After the solution eveporated, 2 rl more cf the acid 
mixture was added and this procedure was repeated 3-4 times until the ashes 
were completely dissolved, after which 10-15 ml of double-distilled water was 


added. This acidified solution was poured into a pyrex glass test tube for 


subsequent analysis for metals. 


Prelirinary studies had shown that when the filters are calcined and 
passed into solution, no more than 5% of an introduced auentity of the metals 


under study was volatilized., An exception is cadmium, the loss of which during 











Table 2 


Trace ‘etal Content of FPA-15 Filters* 


Metals (ng/en*) 


ND, ## 2 80 20 8 0.05 


* filter Ash-0.7 ug/en* 


baal N.D. > not detected 


15 
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all the cperations described above totals approximetely 70%, This value 


vas taken into account in calculating the cadmium ccntent of the air. 


Copper, zinc, lead, cadmium, nickel, iron and magnesium were 
determined in the samples by the method of atomic absorption (Jarrell Ash 
AA-780), Cereful attention was paid to the content of the determined elements 
in the filters and in the reagents. The background in the FP4-15 filters 
was determined by ashing three filters with an area of 0.5 me each, and 
transferring the ashes to separate acid solutions, The average background of 


the FPA-15 filters/em* is shown in Table 2, 


4) Hydrocarbons 


Samoles of atmosvheric aerosols to determine hydrocaroon content were 
taken on FPA acetyl cellulose filters with a cross section of around 250 om. 
All filters were first cleaned for seven hours with high-purity carbon 
tetrachloride in a Soxhlet apparatus. The filters were then dried between sheets 
of pre-cleaned filter paper, and stored in polyethylene packets wntil they were 


placed in the air intake device. 


After sampling, the filter was placed in a Soxhlet apparatus for 
extraction with 130 ml of high-purity carbon tetrachloride for five hours, 
The extract was then concentrated by evaporation in a water bath to a volume 
of 10 rl and under a fan to a volume of 1 ml. This volume was then passed 
through 2 chromatograph column ccntaining aluminum oxide to separate polar and 


nonpolar compounds. Qualitative determination of hydrocarbon content was 
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carried out aboard ship using an LKhN-8 MD chromatograph, The hydrocarbons 
were separated with a steel fractionating colurn 1.8 m long and 3 mm in 
diameter filled with Chromosorb W sorbent and 5% SE-30, The analysis was 
carried out in a flame-type ionization detector with a programmed temperature 
from 100°C to 290°C and a rate of temperature change of 6°/min. High purity 
nitrogen was used as the carrier gas. The rate of nitrogen flow was 30 ml/min, 


the rate of hydrogen flow 30 ml/min, and the rate of air flow to the detector 


300 ml/min, 


The above gas chromatograph snalvses were supplemented in the on-shore 
laboratory by the determination of the total hydrocarbon content in the extracts, 
The volume of the extract was increased to 5 ml by the addition of purified 
carbon tetrachloride and the extract was measured on an IKS-24 infrared 
spectrometer in the wavelength region of 2800-3100 on! The sensitivity of 


measurement of total hydrocarbon content on the infrared spectrometer was 0.05 


mg/sample, 


For evaluating the possible background contamination of the filters and 
of the carbon tetrachloride, filters which had not been exposed but had been 
extracted one time were subjected to a second extrection in a Soxhlet apparatus 
for three hours, They were then further treated as described above: i.e. the 
extract was evaporated to 1 milliliter, passed throuph a chromatographic colwm 
containing aluminum oxia«:, and subjected to semiquantitative determination, 
i.e, on the chromatograph as well as determinetion of total hydrocarbons on the 
infrared spectrometer, The background content was (3 +1 ) x 1074 g per filter, 
based on the three filters. This value was subsequently taken into account in 


calculating the concentrations of hydrocarbons in the atmosphere. 
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5) Benzo(a)pyrene 


After aerosol samples were taken, two filters (F4 and F5) were 





packed in polyethylene packets for on-shore determination of the content of 
benzo(a)pyrene (BP) a carcinogenic hydrocarbon, In the on-shore laboratory 
the extraction of these filters wes carried out through the use of benzene 
in a Soxhlet apparatus, These extracts were concentrated by evaporation in 
@ water tath to a volume of 5 ml and the polycyclic aromatic hydrocartons 
were separated by thin-layer chromatography on a 20 x 20 cm plate in a thin 
layer (1 mm) of alurinur oxide. The separated fraction was subjected to 
qualitative and quantitative spectral analysis and BF distinguished ty the 
intense 403.0 nm line in its fluorescence spectrur, / auartz test tube 
conteining the extract was immersed in a clear quartz Newar flask containing 
liauic nitrozven., A&A quartz condenser was used to focus excitation illurination 
on the exytract-containing test tube, A quertz condenser alsc focussec the 


lurinescence light on the spectrometer slit. 


To identify and quantitatively determine BP by its fluorescence spectrur, 
the spectrur of each extrect was reccrded on « [FE-1l2 spectrometer, - 
DPSh-50 rercury auart2z lerp vitn an UFS-2 light filter served as the excitation 
source. The adrixture method was used to determine BP quantitatively. The 
error for determining BP by this method is + 10%, The sensitivity of this 


method is 1079, 


A detailed description of the technolocy and methodology for determining 
colvevclic aromatic hydrocarbons by their quasiline lurinescence spectra is 
foune in Chrolskiv et al, 1952,, Savevaya and Khesina 1974., Varshavskiy et al. 


1965., and Khesina and Petrova 1973. 











D. HKydroloric 





(1) Physical 


(a) USSR Methods 





Selinity 

Samples of see weter vere collected fror the bathometer 
(efter serrling for dissolved oxen and pH) through a rubber tube into various 
100-250 ml flasks with close fitting rubber stoppers, After the sarples 
were teken tne flasks were rinsed 2-3 times with water from the bathorneter 
and then filled with water, but not coroletely up to the stopper in order 
to avoid sample loss due to changes of terperature, Titration of the sea 
water samples was undertaken after they had assumed laboratory terpereture. 


For this purpose they were kept in the latoratory for at least an hour. 


The method of determining salinity was based on finding the chlorinity 
of the sea water (C1%), which is taken to mean the total amount in erams of 
halides (chlorides, bromides and iodides, but excluding fluorides) contained 
in 1 ke of sea water, converted to equivalent chloride content. The salinity 
was determined by titration of the sea water sample with a silver nitrate 
( AeNO,) solution to complete precipitation of all halides, except fluorides, 


The absolute mean systematic error of the method is 0.01%. 


Salinitv was determined by the methods described in the Handbook of 


Methods for the Chemical Analysis of Sea Water (1977), 


Deep-water thermoreters (TG) with an accuracy of 1/100° were used to 





determine the temperature of the sea water, 


Determination of dissolved oxygen. The sample taken for determination 





of dissolved oxygen was the first removed from the bathometer. For this purpose 
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after an oxygen flask and rubber tube had been rinsed with water from the 
bathometer, a glass tube 10 cm long wes inserted into the end of the rubber 
tube and lowered into the bottom of the oxygen flask, The water was poured 
in at a moderate rate to avoid air bubbles and one flaskful was decanted 
through the throat of the flesk after filling, Without closing the stopcock 
of the bathometer, the tube was carefully reroved from the flask and only 
then was the stopcock closed, The flask was filled to the brim and had no 


air bubbles on the sides, 


Immediately after filling the dissolved oxygen was fixed for which 
purpose 1 ml of manganese chloride (or manganese sulfate) solution and 1 ml 
of potassium iodide (or sodium iodide) solution were introduced into the flask 


in succession, 


Pipettes containing these reagents were lowered to half the heifht of 
“the flask. After the reagents were introduced the flask was carefully 
stoppered, avoiding the introduction of air bubtles, and the resultant pre- 
cipitate vigorously mixed by briefly inverting the flask 15-20 times until 
the precipitate was evenly distributed in the water, The flasks with the 
fixed samples were then transferred to a warm place for settling, They were 
kept in this condition a maximum of 24 hours at a temperature <10°C and no 


more than four hours at higher temperature, 


Titration of samples with fixed oxygen was begun only when the 


settled precipitate occupied less than half the height of the oxygen flask. 


The method of analysis was based on the oxidation of bivalent manganese to a 











water-insoluble brown hydrate of quadrivelent manganese, which in an acid 


medium liberates free iodine which can be quantitatively determined by use 
of a titrated solution of sodium hyposulfite, The minimum concentration 


determinable by this method is 0,06 ml/1l with an accuracy of + 0,02 m/l, 


Dissolved oxygen was determined by the method described in the 


Handbook of Nethods of Chemical Analysis of Sea Water (1977), 


One of the main goal of the USA/USSP research during the first 
expeditional trip of scientific-research ship (SPS) "Volna" was 


calibration of Soviet and American rethods of water analysis, 


Fi¢.4 presents a correlation plot of the relation of water temmeretur: 
values obtained bv American and Soviet scientists. Observations cf water 
terverature were carried out by ea hydrological team of SRS "Volna" with the 
help of deep-water reversing therometers., The Americans used hydroprobes and 
bathometers "Niskina" with deep-water thermoreter mace in Janan, Terversture 
differences at all stations did not exceed 0,2°C, In the near bottom layers 
at stetions carried out in the rerion of shelf zone the terperstures were 
sirilar, The prreatest differences in water terperetures of Soviet and ‘American 
meesurements were at the uvper limits, The reeson for this is in the fact that 
while processing the asta it is not possible to determine the thermocline 


start with the accuracy of 1 m whereas the hydroprobe ellowed us to do it, 


In general American and Soviet data on temperature can be ccrpvared without 


introduction of corrections, 
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Correlation between USA-USSP thermometric 
data, 
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Figure 5, Correlation between UC/-liSSP salinity 
data, 
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Pig. 5 preserts a plot of salinity values obtained at eech station, 
Pata analysis showed that the salinity data are somewhat different and 
American values, 9s a rule, are lower than the Soviet values, The createst 
difference, as for water temperature, was noted with hirh values of salinity, 
the calibretion correction decreased vith the decrease of absclute values. 


The correction value for Arerican data of salinity values is: 


USSF use nie 
33,90 - 32.78 + 0,22 
32.90 - 32,69 + 0.21 
32 80 - 32.60 + 0,20 
2.70 sd 32.51 + 0,19 
32.60 - 32.42 + 0,18 
32.50 - 32,33 + 0,17 
32.40 ~ 32.24 + 0.16 
32, 39 - 32.14 + 0.16 
32.29 = 32.04 + 0,16 
32,19 - 31.95 + 0,15 
32.00 - 31,85 + 0,15 
31.90 - 31.76 + 0.14 
31.80 - 31.67 + 0.13 
31.60 - 31.48 + 0,12 
31.50 - 31.39 + 0,1) 
31.40 - 31.30 + 0.10 
31.30 - 31.21 + 9.09 


At sore stations the differences were*creater and the precise 


reasons for this have nct, as yet, been established, 
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(b) USA Methods 








Terperature, Salinity and Lirht 





A multiparameter Interocean System 513D submersible 
vrobe was used for verticel profiline of temperature, salinity, downwelling, 
irradiance and depth on station, The probe was automated to obtain information 


at discrete depths while being lowered through the water column, The 





samvling resolution was approximately one reading per meter and was a function 
of the probe's rate of descent, The scanning frequency of the system remained 
constant at 0.25 scan/second. A description of the automating procedure is 
included as an apnvendix to this paper, The water column was profiled to a 


maximum depth of 75 meters and to several meters above bottom at shallower 


stations, 


The Interocean 513D probe packege contains two temperature sensors; 
one is a highly conductive platinum probe which provided the terperature 
records, the other sensor's output was combined with the output of the 
conductivity sensor to generate salinity data. Temperatures recorded by 
the platinum probe were regularly checked usine reversing thermometers 
attached to Niskin bottles, The platinum sensor records were combined with 
conductivity data to recalculate salinities by the method of Accerboni and 
Mosetti (1967), The precision of the sensors es specified by Interocean 
Systers Ltd,, San Piero, California is + ,02 rillimhos for conductivity, 


+ .02°C for terperature, + .05 ppt for salinity and + 3 m for depth. 


Total visible, "red", "blue", and "green" downwelling irradiance was 


measured with photocells and filters from an Interocean System 510 Illuminance 
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Syster, The filter specifications pertaining to the distribution of 
passing wavelengths have been requested from the Hoya Corporation, Tokyo, 
Japan and are not presently available. Voltages fron the submarine 
photocell and deck photocell were non-linear with irradiance (measured as 
foot-candles) and were converted to foot-candles usinr a formula determined 
from at least squares fit of recalibration voltage and footecandle data, 
Extinction coefficients were calculeted es the slope of the linear trans- 


formation of the Beer Lambert Law by least squares fitting (Hervey 1963), 
In IT=K,*Z+ini (1) 


whe re 

2 - depth (meter) 

I, - downwelling irradience at the surface (ft -c) 
I - downwelling irradiance at depth Z (ft -c) 


K, - extinction coefficient (meter!) 


Calculations were done using an IB! 5100 corputer compiled in APL, 
The agreement of cbserved with the rerression equation was judged to be not 
acceptable below .1€ volts which corresrondsto intensity readings of @ ft -c 


thus lower readings were oritted from calculetions of extinction coefficients, 
(ec) Cherical 
1) Water 


Seawater samples for the expedition vere collected with a bathoreter 


(USSR) and an Interocean Syster. submersible rurp and a Niskin Fcsette Senzler ('S/). 
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Samples were collected at depths of 1, 10, 25, 50, 75 and approximately 5 m 
from the bottom at stations having depth 80 m in depth, 


a) Nutrients 


1) USSR 
a) Phosphates 


A sampling flask was filled with sea water from the bathometer 
after the flask and stopper had been rinsed twice with sea water. The reagents 
Were then added and the flasks were transferred to the laboratory and allowed 
to stand for some time until they reached room temperature, The analysis of these 
Samples took place no later than six hours after sampling since keeping them 
for a longer time may lead to the decomposition of the organic matter of plankton 
and the transformation of organic phosphorus into mineral phosphorus, producing 


Significant errors in the results, 


At present the Murphy and Riley (1964) method of determining 
phosphorus, which uses ascorbic acid as a reducing agent, has been adopted in 
many countries in accordance with the recommendations of the International 
Ocean Research Council. Calcium antimonous tartrate is used as a catalyst 


tomcelerate the reaction. The mean relative error does not exceed + 1.1%, 
A detailed description of the methodology is found in S, Oradovskiy (1977). 


b) Nitrides 
Samples of sea water for determining nitrides are taken in flasks 


with ground glass or rubber stoppers which had been first washed twice with the 
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same water, These samples were quite stable at room terperature, a]though 
the anrlysis mist be done 5-10 hours after the sarple is taken. If the 
fresh sea water samples contain rany suspended particles, they should be 


filtered. 


Nitrites were determined b; the “rissilosvay rethod, which is 
based on the diazotization of nitrites contained in ses water by sulfanilic 
acid throurh the subsequent reaction of the resulting diazo compounds with 
a-napthalene, causing the anpearance of a red ezo dye, Five ml of Griss- 
illosvay rearent was added to e retort or Nessler cylinder with a ground 
glass stopper. The solution was carefully mixed and after one hour its 
optical density was measured on an FEK-56 }’ with e 50 mm long vessel fitted 
with a No, 6 light filter facing the vessel and containing nitrite-free sea 


water to which Grissilovsay rearent had also been added. 


Based on the cbserved optical density value, the concentration of 
nitrite nitrogen in the sea weter sample (in ug/l) is read from a calibration 


chart. 


A detailed description of the methodology is set forth in Handbook 


of lethods of Cherical Analysis of Sea ‘ater (1977). 





2) USA 


a) Nutrients 


Samples were collected with an Interoceen Cystems submersible pump 
at the surface (one meter), 10, 25, 50 and 75 m. Samples were taken approxi- 


rately 5 meters fror the bottom for station with depths greater than 80 nm, 








Fhosphete, amronia, nitrite, nitrate and soluble silicetes 
analyses were verforred on toerd ship, usuelly vithin three neuer cf 
collection, usins Technicon /fII and fqual:rzer pute anel:zersc 
-an¢ Technicon colorimetric methodolory (Technicon Industrial S;sters 1972, 
1973a, 1973b, 1973c, 1976; Arvstrone et al 1667), “he Teecmicon PO, 
rethod, a mocification of the rethod oricineliy devised tv ‘vrrh end “lle 
(1964), uses @ sinrle rearent acidified solution ef erreniuvy rolrberts 
containing ascorbic ecid and sentir to forr the rhospherolt.enum tlue 


corplex which is then read colcriretricelly et 880 nm. Tne eetection li:it 


of this rethod is .08 ucest P/1, 


The ™05 analysis rethod evnicits the. reaction of the nitrite 
under acidic conditions with sulfenilaride to vield ° dieze ecerround rhien 
‘couples with N-l-nephthyelthylene-cierine dihydrochloride to forr «+ scluble 
dye, This methoe is capable of detectine nitrite et .04 ureat U/l. 

Nitrate enalysis involves the reduction of nitrate te nitrite in a ecrrer 
cadmiur cclurn, The resultin- nitrite concentretion is then ressured 4: 
above, The method for By enalysis reacts a ferred erroniur salt vith 
sodium phenoxide followed by sodiur hyrocnlorite te “err 4 blue correund 


believed to be related to inecnhenol, “he eetection livit for this rethod 


is 0.2 ureat !/1. 


The method for analvsis of Si es silicates uses the formation 
of silicomolvbcate and its sutsenuent recuction in acidic solution to 


molybdenum blue by ascorbic acid. The detection lirit of the rethoc is 


In the course of the activity at the test-site simulteneous 


observations were carried out bv ‘merican and Soviet specislists, x:ven, 








Table 3 


Corparison of Data Collected by American and Soviet Scientists in the Bering Sea 





USA USSR USA SSP USA USSP 





8.27 8.26 +-0.01 7.65 6,9 0.72 2.7 0,66 2,04 10,0 9.43 9,57 


8.26 8,25 0.91 7.73 7,08 0.65 2.7 0,66 2,04 12,8 9.00 3,8 





Table 3 continued 











"SA «USSR USA —oUUSSP USA USSP 

c3 4 2 6 7 8 9 loll 12 13 14 

0 8.25 8.35 -0,10 7.04 6.93 0,11 2.10 0.79 1.31 2,3 6.3 4,0 
10 8.26 8.36 -0,10 7,08 7.05 0.03 2.0 0.80 1.20 3,1 6.3 =3.2 
29.260 8,36 -0,10 7.26 ©7417 (0,09 2.1 0.98 1.12 4.3 14.3 10.0 
90 €.08 = 823-0615 7,50 7,16 0634 4.0 1.78 2.22 34.5 41.9 = 7.4 
7% 7,98 8,09 -0.11 6.60 6,82 -0.22 4.4 2.06 2.34 51.0 5264 = 1.4 
0 8.33 8.31 0,02 7.08 7,11 -0.03 16 0.66 0.9% 5.0 6.27 = 1.27 
10 6.318432 -0,01 7,02, 7,10 -0,08 1.8 0.80 1,00 4.0 7.30 = 3.3 
c9 8.24 8410 -0.14 7.31 7,00 0.31 3.1 1.06 2,04 15.0 17.1 = 2,1 
70 8496 8413 --0.07 6.88 6.60 0.28 4.4 1.61 2.79 33.5 44.0 10.5 
7 7,97 8,07 =0,10 6,00 6.46 -0.46 4.6 1.98 2,62 44.0 54.4 -10.4 
O 8.42 8,28 -9.13 6,97 7,02 9,05 0.60 9.49 0.11 1.7 7.3 = 5.6 
F642 8437 0,05 6.95 6.95 0,00 0.30 9.66 -0.% 5.0 6.3 - 1,3 
9 &.40 8438 -0.02 7,86 7.8 0,09 1.2 1.70 -0.50 5.5 14.6 - 9.1 
90 8.9 3413-007 7,30 7418 «0012462043 2517 %.0 3707s 1.7 
79 7498 8493 0.05 €.49 6.75 0626 «5412.57 2.53 54,0 56.5 2.5 
0 8635 8.18 0417 7422-7415 0.02 «143 0.63 -0067—1.0 6.3 = 5,3 
10 3.36.33, -9,03 7,19 7,27 -0,08 «142 0.82 (0.38 «2100 «o0.9sie 9.9 
09 3.36 8.34 0,027.54 7,60 -0.06 1.5 1.28 9.22 2.0 17.8 -15.8 
90 8.06 814 0,08 7,04 7.45 -0.41 4.1 1.94 2.16 33,0 41.9 « 8.9 
7% 8.03 8410 -0,07 6.72 7.24 -0.52 4.4 1.94 2.46 72.0 62.6 « 9.2 
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" c USA TSSR SA USSP 

1 2. 3 4 5 6 7 : 9 1 ll 12 l ld 
8 0 0.15 6, 7,03 0.11 2.5 0,33 2,17 3,0 6,1 © 3,1 
10 8.40 8.36 0.06 6.95 7.22 0.27 2.5 0,33 2,17 3,0 61 «© 3,1 
25 6.42 8.32 0,10 7,08 744 0.3% 3,0 1,62 1,38 3.0 10.0 + 7,0 
50 8,11 8.12 -0.01 7.446 6.04 1.40 + 2,24 = 3.0 20,7 15,3 
7 7,97 7,98 0,01 6.29 6.12 0.17 3.) 2.34 0.76 84,0 60,7 23,3 
9 OO 847 8.32 -0.15 6.99 7,13 0.14 1.1 0.49 0.61 6.5 84 +1,9 
10 8.49 $8.48 -0.01 6.99 7,19 0,20 1.0 0.49 0,51 7.0 84 ©1464 
25) 8443 8,38 «606050317068 = 0.63 «9680 1.20 -0.40 7,0 18.8 -11,8 
50 8,02 8,03 -0.01 7,00 6.89 0.11 2.5 2.43 0,07 56.0 49.2 + 6.8 
7 7,95 8,05 -0.10 6.24 7,02 9.80 2.9 2.47 0.43 83,0 49.2 33.8 
10 O 8.39 823 1.16 6.88 6.93 0.05 1.9 0.16 0.8 0.5 44 = 3.9 
19 849 8.49 0,00 6,89 6.98 0,09 0,10 0,16 -0,06 0.5 42 = 3.7 
25 8.48 8.40 0.08 7.65 8.36 0.71 1.0 0.42 0.5€ 5.3 16.8 11,5 
50 8.06 8.13 0.07 6,91 7.45 20.54 3,6 1,12 2.48 10.5 20.9 10.4 
7 8.04 8.13 -0.09, 6.65 7.50 0.85 4.1 1.28 2,82 12,5 22,8 10,3 
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Tntle 4 eontinued 
WA USSR USA USE WA wes 

] Pa 4 4 y b 7 8 9 LQ) 1} 1.’ 14 lé 

| 0 8.20 8,33 9,13 6.99 7,03 “0.046 0.90 0,33 0,57 1.4 6,3 © 4.9 
10 #00 BAR 20476038 70% 20,05 9,80 0633 OAT Leek BAA ote 
25 #10 8,33 0.23 1% 8.44 99.908 1,0 0,68 O,4? 1.) Ded - 83 
50) 7.94 7,95 (64, 6.99 6,70 “J.1)1 3,7 9% 2, td Lie? 18,0 - 7,3 
75(60)7,.91 7.982 -0.4) 6.022 6.9% 0,71 4,9 13.5 25,1) “11,6 

I? 60 2.97 B27 0.20 7,05 7.23 0.18 1.39 9.49 Of) 0,50 6,3 ~ 5 PO 
19 B.07 98.41 -0.34 7.95 7,17 20.12 1,30 0,88 0,4) 0.90 6,4 - 4.40 
2) TRL Bee “9,40 P74 9% “0,96 #670 1,00 1 9.99) 4,/ ~ Neel) 
50) 765 B00 -(), 35 7.21 7,74 9.953 310 Ute 1,08 6,00 18,0 o!2.0 
5 

1? OFF 13,27) Bee 9.0% 7,38 7, 34 90.94 1.40 0,93 O,#7 $9) 6,3 - 209 
10 13.23 4.46 4,77 7,38 ‘7, % 0.02 1.30 0.49 O,@1 3,00 6,3 - 3, 30 
2o 13,80 8.21 5.99 10,59 9,600.99 1,80 0.94 9.86 2,00, 50 
99 14658 7.90 6,6P 6416 6,70 90.94 4.20 1605 3,23 1705115 
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Tatle 2 eontinned 





i ] t 1 ! er 7r a (AST 
] P 3 A 5 6 / : ; 10 11 l2 13 14 
20 @) = R, e F109 6,95 1,15 9. 30 0, 33 -U. 3 0.50 7.3 6.8 


50 
75 
el O - 8.26 - 8.19 7,03 1.16 0.50 9O,€€ “0.11 0,50 6.3 -5.8 
19 - 3.34 - 8.24 6.9§ 1.26 0.50 0.49 -0.00 0,05 é.3 
25 - $06 - 9.96 8.3% 1.62 0.90 0,51 0.39 8.50 12.7 m4.2 


50 - 2,02 - 9,02 8,30 0.72 0.90 0.66 0.24 9.00 16.8 -7.8 
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a vese Us 1 USA 
1 2 3 4 ‘ ¢ 2 o 10 11] 12 14 
230 -e 8.39—ie 8.28) 6.93 1.35 0.40 0.16 6.24 3.00 6.5 - 3.5 
10 8.44 = 6.32 7,08 1.24 0.30 0.16 O.14 2.50 6,2 - 3.8 
25 0.34 -« 9.29 7.40 1.89 1.30 0.28 1,02 9.00 11.9 - 2.9 
50 8.03 - 7.47 6.89 0.56 2.80 0.63 2.17 38.00 27.2 10.8 
7 . 7.97 -« 7.31 6.43 0.88 3,10 0.79 2,31 45.00 42.3 2.7 
240 « 8,22 - °.35 7.03 1.32 0.90 0.16 0.74 4.30 6.3 - 2.0 
; 2.31 - 8.32 7,08 1,246 1.20 0.20 1,09 4.20 6.3 - 2.1 
25. ie 8.28 - 8.71 7.63 1,08 1.40 0.26 1.14 7.50 15.2 - 7.7 
50 Ql, 6.54 7.26 1.28 2,50 0.95 1.55 37.0 37.7 - 0.7 
% e 8.02 « 7.56 6.48 1,08 2,80 1.94 0.86 51.5 £6.21 544 
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pH, phosphates and silicon were taken for the comparison, 

Since observations of American scientists covered the depth of 75 kn, 
horizons coincident with the Soviet observations 0, 10, 25, 50, 75 were 
taken for the comparison. Table 3 and the plots presented below give the 


comparison of hydrochemical elements. 


Concentrations of all the ingredients to be determined are given 
in one and the same units. Oxygen content in ml/l, pH active reaction in 
negative decimal logarithms, biogenous substances in ug-at/l. The plots 
verify values from station to station as well as the difference in value 


(Fig. 6). 


pH active reaction values determined by American scientists were 
taken for 12 stations only since the rest of them were doubtful. The 
maximum difference was 0.41, minimum - 0.01. The sign of deviation value 


depth and from station to station is similar to that of ours. 


While comparing data on oxygen concentrations similar variations 
and distribution character are revealed. Maximum absolute deviation 


value was 2.04 ml/l, minimum - 0.02 ml1/1 (Fig. 7). 


Trace Metals 





1) USSR 
Water was sampled for its metal content through the use of 
a Niskin Bathometer at various depths. A Kapron net with a 1 mm x 1 mm 


mesh was used to sample the surface microlayer. 


One-hundred ml of sea water was placed ina glass 


50. 


beaker and acidified with 6-mole HNO. to a pl! of 3, 

me ml of e solution containing 100 mg of chemically pure Pb( NC )2 was 

added to the beaker, and hydrogen sulfide bubbled through deionized water 

vas passed through the solution for one minute. The hydrogen sulfide was 
tained by the reaction of hydrochloric acid and iron sulfide. The 

resultant black precipitate of lead sulfide with metal sulfides coprecipiteted 


m it was filtered onto "blue ribbon" filter paper, washed with deionized 


ater, dried at room temperature and packed in clean polyethylene peckets, 


The coprecipitation factor of all the metals under investiration 
jas practically 100%, which was confirmed by the sppropriate radioactive 


ndicators, 


The methodology employed for determining the metals in water is 


lescribed in Stepanov and Artervev (1977), 


2) USA 

Three different sampling systems for trace metal analysis were 
ested on this cruise. Although ideal for trace met] sample collection - no 
etallic perts ere immersed into the ocean - a system utilizine a Hirh Capacity 
‘asterflex tube purn (Cat. ‘io, 7109) connected to 75 meters of 3/4" I. PD, 
olyethvlene tubine preved unsatisfectorv for onen ocean operations, An 
nterocean C:rstem *‘odel 513P CSTD unit, fitted with e subrersible purp was 
nstalled on this ship for this cruise. Because the sarple contacted metallic 


arts vith this system, it was not used for trace retal sempling, However, 


ome serples, es a matter of interest, were collected, analyzed for copper and 





1. 


lead and the data compared to copper lead data collected from the sane 

depths with 1.7 liter PVC Niskin bottles, ‘The results of this work confirmed 
the undesirability of the Interocean System for trace metal sampling; since 
all samples analyzed were hirher in copper and lead concentrations, Inspection 
of the intake of the subrersible pump and the interior of tue sample outlet 
system indicated corrosion at both places, All samples, consequently were 
collected in 1.7 liter PVC Niskin bottles which were scrubbed thorourhly 

with hot soapy water, washed and subsequently soaked overnirht in dilute 5% 
nitric acid solution, washed with ana then soaked for 24 hours in seawater, 
Seawater samples were filtered on deck by pumping directly fror the Niskin 
bottles with the ! ssterflex tube pump throuch an 0.45 Nucleopore filter 
contained in an in-line lillipore filter holder, Between 200 and 300 ml 

of seawater was pumped through the entire system and discarded before any 
sample was collected. Subsequent to filtering, 1.0 ml of a dilute mercuric 
nitrate sclution (Hg metal dissolved in U1ltrex nitric acid and diluted with 
triple distilled water) was immedictely edded to the sarples. The mercury 
concentration in the samples was approximately 4 x 107M Hg and the pH was 


approximately 2.5. 


Surface Microlayer Samples 





Surface nicrolayer samples were collected with a 1.00mm pore size 
polyethylene screen mounted in a plexirlass frame, Samples were collected 
from a small boat about l-2 km away from and windward of the Volna. Tne screen 
was dipped under the water and raised through the sea surface from below. The 


surface microlayer 100-200u collected on the screen was draired int. a 250 ml 
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pre-cleaned polyethylene bottle, These sarnles were not filtered but 1,0 ml 
of mercuric nitrate /HNO, soluvion was added, The final pH was approximately 
2.5. To corplement these data, closely spaced (10-15 em distance) sanples 
were collected from the ton 1 mof the ocean with a free-floating sampler, 
Sarples collected with this sample were filtered through 0.45 Nucleopore 


*) in mercury. 


filters and acidified (ni! 2.5), and made approximately 4 x 10° 
The purpose of this latter effort was to determine trace metal gradients in 
surface waters which would indicate either sunnly to cr removal from the 
surface microlaver, Surface microlaver samples were collected on an 


opportunity basis, dictated by weather conditions, Two stations only were 


occupied for surface nicrolayer work, 


All samples were analyzed by differential pulsed anodic stripping 
voltammetry with plass carbon electrodes, A PAR Model 174 volarorranhic 
anslvzer was used for analysis, The instrumentation was set up on board ship 
and approximately three-ouarters of all samples collected were analyzed during 
the cruise. The remaining samples were analyzed at ILS, University of Alaska 
about two months efter termination of the cruise. These latter samples were 


stored frezen for most of this period, 


The analysis rrocedure briefly was: 
1, 59 ml of seawater is placed in the electrolysis cell and 
nitroren vas bubbled through for 10-15 minutes. 
2. (Cu and Po are deposited sirulteneously with iic on the 
glassy carbon electrode by plating et -0,75 V (calomel 
reference) for 5-15 minutes, dependine upon element concentratian 


2 


in the sarple. Cu, Pb end He are stripped from the electrode 
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by scanning the voltage ranre in an ancdic direction. 
The first plate-strip cycle serves to determine an optimum 
analysis time and to condition the electrode. 

3. Cu and Pod current peak heights are recorded on a successive 
plate-strip cycle. Kg is stripped from the electrode at 
each step. 

4. The concentration of copper and lead in the sample is 
determined by the method of standard additions. At least two 
additions of standards were added to every sample. A least 
squares line was fitted to the data points, The precision of 


this technique is approximately 10%. 


. ater Colum Trace Llerents 





1) USSR 





In view of the fact thet lengthy storare of the water samples, even 
uncer acidification, can result in possible loss of cherical elements to the 
walls of tne container, we decided to carry out preliminary separation of all 


tne elerents on tcard ship. Lead sulfide was used for tnis. 


In this process 1 milliliter of a 10% solution of chemically pure 
Pb (NO,), was added to 100 milliliters of acidified sea water, and PbS was 
precipitated by passine HgS through the liquid. In the process, a large 
nurvter cf elerents were frecipitatec. In parallel with this, blank samples 


were prepared with doudle-distilled water, 


For analysis the method of neutron activation was used. ie conducted 


determinations of only those elements which could te identified after a 








24 


relatively short period (20 hours) of irradiation in the reactor with the 
particular instrurent we had available, The elerents Zn, Co, Fe, Sc, Au, 


Br, tle and Sh were deterrined, 


The anelysis of the sarples was carried out at the YVP-Sm reactor 


: 1 
with a neutren current of 10 3 neutrons per sq cr ner sec, The reasurenent 


J > J J > = 2 ] 
cf induced activity was rede with a Ce(Li) detector with 90 cr” volume, and 


en multicharber analyzer with rinicorputer, The idertification of the 


isotopes was made from the following ramra lines: pre? 554 keV; Ay? | 


411 kev; cr?!, 320 keV; Fe??, 1098 kev, He@9, 279 keV; 009, 1172 kev; 


cp **, 600 Kev; ccf, ego kev; Aet9Z, 656 kev, and Zn, 1115 keV, In the 


calculation of the content of cefe , the contribution from AgttOM +6 photopeak 


&89 keV was taken into account, end also the contribution of 5046 to the 


photopeak of zn? at 1115 kev, 


The detection limits for the various elements are as follows: 


-6 


Br, 3x 1978 r3 Au, 2 x 1078 e; Cr, 5 x 1078 ge; Fe, 10 sf; He, 107” f3 


& 


Co, 8x 107° g: Sb, 5 x 1078 g3 Se, 107” f3; Ar, 1078 fe; and Zn, 


3x 107° o, 


The determination of the content of the elements in water was carried 
out after irradiation of the PbS coprecipitation, The correction for the blank 


samples prepared with distilled water was insignificant for all elements, 


Trace Flements in Plankton 





Samples for the determination of trace elements in plankton were 


collected from the near surface layer and the 0 to 50 meter layer. 
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The plankton samples were collected with a Jeddy net (BSD) of 
diameter 37 cm made of No, 61 miller's screen, The samples were taken 
from the layers 50 to 0 and 5 to O meters, The size of the openings 
in the miller's screen was 0,15 to 0.16 mm, which made it possible to 
capture the main species of zoo- and phytoplankters. The samples were 
filtered and dried between sheets of filter paper, and then weighed to 
determine the biomass. Thereafter the plankton samples were dried to 
constant weight at a temperature of 105° ina drying cabinet over a 24-hour 
period, weighed and inserted in polyethylene sleeves, in which state they 


were sent for analvsis, 


The average value of the plankton biomass for stations 1 to 24 was 


0.4 e/m?; and for stations 25 to 48 it was 1.2 g/m. 


The plankton samples were sent to be analyzed in the dry state. Therefore 
the results of the determination of the weights of the plankton samples after 
drving and comparison of these with the wet weights are of interest, These 
results are shown in Table 17. The coefficient which reflects the change in 
weight after drying 

- = (wet weight )/( dry weight), 
varied from 7 to 30 among the different samples. The apparent cause of such 
variation is the variation in species composition of the plankton, for 
analyzing the plankton sarples the method of neutron activation was used. We 
conducted determinations of onlv those elements which could be identified after 


a relatively short period (20 hours) of irradiation in the reactor with the 











particular instrument we have available, Amronr the e’erents determined, in 


addition to zinc, cobalt, iron, scandiur, fold, and bromine, there were also 
the toxic elements mercurv and antimony, the determinations of the 
concentrations of which are particularly current and urzent assimrents in 


connection with the problems of pollution of environrental media. 


As was mentioned above, the analysis was carried out on plankton samples 
which had been dried to constant weight. Thus initially the content of the 
elements was calculated on the basis of the dry weight. Using the coefficients 
of conversion from dry weicht to wet weicht and to the biorass of the plankton 
(Table 18 ), the concentrations of Hr, Sb, Zn, Cr, Se, Fe, and Co were calculated 


per unit biorass of the rlankton, for each station, These data are civen in 


Table 18. 


Accumulation coefficients of Hr, Sb, Zn, and Cr in the plankton were 


also calculated for stations 1 to 24, according to the forrula: 


K.., = [Cz (C, ) 
as 1 (plankton}) i water’? 
where C,; plankton is the concentration of the j-th elenent in the plankton based 
on raw weicht, and C; | is the concentration of the i-th elerent in the 
i weter 


water, These cata are shorn in Table 20. 


Analorously, the samples of surface nlenkton were analyzed for their 


fr 9 P + T: nn * rad .7 > aa twerr omen a or . 
content of Fe, Cr, Zn, and “. In some of these samples, mercury vues els 


”~ ve ~ 1 ao - + ae oe | ha « ale wa annentaAAr 
n some plankton sarples the ceterrination o he sete was carrie 





ral 


by the methed of atoric absorption, ‘Neirhed portions cf drv plankton were 

. aOR 2 . 3 
ashed in a muffle furnace at a terperature of 459°C, after which the ash was 
dissolved in a rixture of hydroflucric and nitric acids, end resultine solution 


was subjected to the determination of the metels, 


1 


A corparison of the results of Tebles18 and2l shows that the 
concentrations of zine and iron measured by neutron activation and atoric 
absorption are of the same order of marnitude but still differ bv srell 


nurber of factors, 


Low Volecular Weicht l!yérccarbon in “ater (USS) 





The hydrocarbon measurerents were rade by cas chrematorraphy on board 
the M/V Volna, In this technique, the dissolved hydrocerbons were first stripped 
from solution by purgine with helium, and then concentratec in ccld traps 
containing appropriate adsorbents; they were subsequently released by an increase 
in temperature and swept into the sas chromatograph by a second strear of helium 
carrier gas, ‘With this method, sarple size was not restricted, and very dilute 


solutions may be analyzed. 


Two cold traps at -77°C were used in series, In the first, ectivated 
alumina was used to tran all hydrocarbons except methane and carbon ronoxide; 
in the second, a mixture of activated charcoal and molecular sieve was used to 
trap methane and carbon monoxide, When the stripping was corplete, the traps were 
isolated by closure of appropriate valves, and their temperature was ~aised to 
approximately 90°°, Helium carrier gas was then used to strip each adsorbent, 


in turn, of the adsorbed frases, and to carry these gases into the chromatograph 














for further separation and analysis, A four-foot colum containing activated 
alurina with 10% Nujol was used to separate low-molecular-weight hydrocarbons 
other than methane. ethane and carbon monoxide were separated on a molecular 


sieve colum, 


For the light hydrocarbons, the absolute sensitivity of the method is 
approximately 2 x 10712 mol, On the bssis of l-liter water samples, this 


-8 61 of dissolved fas at standard temperature 


sensitivity corresponds to 5 x 10 
and pressure (STP) per liter of seawater, At this lower limit, the precision 

of the method, on the basis of replicete measuremen.s under laboratory conditions, 
is + 10%, Yor quantities of ras rreater by a factor of 10 or more, the precision 
improves to + 1,0% Additionel error incurred during field operations may 
increase this spread in uncertainity. The chromatograph was calibrated with a 


cormercially available pas mixture containing known amounts of the hydrocarbons 


to be tested. 


Vater sarples were obtained from 1.7-liter Niskin bottles. The samples 
were drawn in the same ranner 2s oxygen samples into 1,2 liter Pyrex bottles 
with tapered rround glass joints, The sarples were immediately put in the dark 
and analyzed as soon as possible, usually immediately after the station was 
corpleted. The mein bulk of water samples were taken using the on-board 
Interocean purping system, The pumping system was not used for the hydrocarbon 
sarples, The pump and cable are identical to the syster fabricated and used by 
Navel Pesearch Labcratory personnel, The reason for not using the pumping system 
was due to the contamination of water samples with butane and hirher organic 
corpounds. The source cf contamination apparently wes from a short section of 


rubber garden hose used as the termination point for the pumping system. 


59. 
High Molecular Weight Hydrocarbons and Benzo(a)pyrene (USSR) 





The water samples for determining hydrocarbons and benzo(a)pyrene were 
taken from the surface microlayer and from depths of from 0 to 50 meters. 
The surface microlayer was sampled from the bow of the ship with a pre- 
cleaned metallic screen of diameter 30 cm with cell size 1 x 1 millimeter. 
This enabled the sampling of a surface layer of water of thickness 200 to 
400 microns. The surface microlayer sample taken for analysis amounted to 
500 milliliters « f water, while others from the various depths amounted to 


2 liters each. 


The extraction for the determination of hydrocarbons was carried out 
by shaking the water sample with glass distilled (2x) carbon tetrachloride 
added in the proportion 25 milliliter CCl, per liter of water, in a separatory 
funnel for 10 minutes. Then the extract was decanted, a new portion of carbon 
tetrachloride was added, and the mixing process was repeated. Two extract 
portions were decanted and combined, dried, and preserved for further processing 
ashore. The extraction procedure for determining BP in the water is analogous 


to that for hydrocarbons, but benzene is used in place of CCl). 


The analysis for total hydrocarbon content was carried out at a shore 
laboratory on an infrared spectrometer, and that for BP was performed by a 


fluorescent method making use of the Shpol'skiy effect. 


Hydrocarbons and Benzo(a)pyrene (in Plankton) (USSR) 





Determination of BP were also carried out on several plankton samples. 
After the plankton was dried to constant weight in a drying cabinet at a 
temperature not exceeding 100° Centigrade, 200 mg of the dried residue were 
taken for extraction with benzene and for subsequent determination of their 


BP content. 
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‘ater samples for deterrinine chloronh 


a were collected fror 
the surface, 19m, 25m, 5%r end 75r or just above the bottom (5r) with 


’ 


2 subrersitle rvurr. 


*~AekR- 


™e liter sarples for chicrephyll enalysis were filtered within one 
hour of collection through ‘jhatman “F/C 4.5 em glass filter pads and frozen 
efter trestrmert with a 1% magnesiur carbonate suspension. Upon corpletion of 
the expedition the chlorophyll samples were shipped frozen with Dry Ice and 
were analyzed within two weeks of the expedition's end. The fluororetric 


method (in Strickland and Farsens 1972) which can detect .01 mg chlorophyll a/n’, 


was used for analysis of chlorophyll a. 


2) Phytoplankton end Zcoplankton (USSR) 
r 





Samples of plankton were taken with a Jeddy net (diameter of the included 
opening was 37 em, with No, 61 netting) in the 0 to 50 m layer, The samples 
were fixed with 4% buffered formalin. In the workup of the samples, the are 
distribution and population of the dominent species of zooplanktons and the 
relative abundance of the dominant species of phytoplanktons were determined, 
Duplicate counts were made of the organisms under a binocular microscope, in a 


Boporov chamber, Over the period of the expedition, 48 stations were covered 


with 257 plankton samples being taken. 
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RESULTS 
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iné comparison of rean surface pressure charts for sugust i977 
™ «< 2 vit — 3 ¢ . , ow > shnrp 3 n - a 
(Tire. 2) ith mean dsta for many years shoved that over the nortnermewestem 
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ert of tne :acific vcean tne pressure was somewnet nirner than norrai. 
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feeor ing to the data for rany veers tne core of the ‘iorthern-facifi 
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antic:cione is ioceted at 40°N, 150°), nut in furust 1977 there were tivo 
cores of nlifn pressure: one - at 40°r 180” (P=1020 rb) and tne otner near 
the ecast of ‘orth Arerica, (It is irwossible to present accurate co- 
ordinetes, since cate for the neen chart were taken fron daily surface charts 
of RMC Tokvo for OOCMT), In Aurust 1977 the pressure over the Bering Sea 


was nornel. 


Cyclonic activity was weak in the first half of August. The 


4 
tC 
> 

| od 
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recion of evclorenesis was nea 1 anc Japan Islands, end northern 
trajectory, i.e. fror Japen Islands te the Sea of Ckhotsk to the 
Nerth-Fast, to the northern part of the Bering Sea, Tne existence of a 
nicn-level enticyelone, with an eastern orientation, the Pacific Ccean, 
in addition to the western pcesition of the hich-level depressicn can 
deterrine the apnesarance of cyclones over the Bering Sea (Fir. 9). These 
T 


evclones as a rule vere poorly ceveloped, neir structures were low baritic 


forrations and on the AT500 chart they were not detectible and their 


< 
@ 
bt 
~ 
oO 
i 
” 
© 
3 
iS 
oe 
: 
fee) 
ar 
ce 
i 
bes 
3 
ju 
co 
“” 
©O 
— 
w 
' 
Oo 
—_ 
= 
> 
o 


The veather in the Yering Sea was deterrined Ly two somewhat factors; 
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Cyclones moving to the North of the test-site and Northern-Pacific 


anticyclone reach, 


Continuous change of weather resulted from cyclones reachin§ the 
Bering See, For example on the 5th of August the northern part of the 
Bering Sea was reached by 9 cyclone with core pressure 922 rb with a frontal systen, 
associated with it, crossed the rerion of work end caused enhancement of 


wind to 9 = 10 m/sec and rain, During the followine days the weather was 


still because of the high pressure reach and was folloved by cyclones, ( 


It is evident from the data in Table 4 that during the expedition the 
weether was dreary with frequent reins, Fiftyenine percent of the davs were 
foggy and wind velocities of 5-10 r/sec, predominated, The sea state was 


slight (2-3 m) and no storm winds were encountered, ‘ 


Actinometric Observations 





Diurnel variation of incoming end reflected golar radietion from the 
ocean surface may be represented by two typical days: by the day of le 
August 1977 with continuous cloudiness and by the day of & fugust 1977 with ; 
clouds of high levels (Fig. 4). Reruler diurnal variation of incoming interral 
radiationwes observed in the day with slight cloudiness, Vourly surr cf , 
incoming heat were syrretric relative to noon(1200 hours jend its variaticn vas 
subjected to the sun heicht variation during the day. “‘exirun rediation velue 
64 ent /en'h was at noon, ( the dav with continuous cloudiness the diurnel 
variation of incoming solar radiation was different from that cf the day describec 
above, it was not symmetric relative to noon and redistion raxirur value of 


28 celér“h which was observed in the period of 0900-1000 when the cloudiness was 


the least. 
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Fieure 8, Chert of avernce surface mressure, fupust 1977, 
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«+» Meteclogical Data of Bering Sea 
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nureretor - nurter of days; 


derinator - repetition in ver cent, 
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Pieure 10, Daily curve of total and reflected radiation 
fAurust 8, 12, 1977, 
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Total diurnal sur of incorine radiation considershly chance? 
en the days in question (8 Aucust -2=582 cal lor? = 24 hours; 12 *upust 
=? 226 cal/er* - 24 hours) due to cloudiness variation, The difference 
between the ~reatest ond the srallest :um of incerine redisticn durine 
the observational pericd wes 70%, The atmospheric transeparenc; cver 
the test-site was hirh and the strospheric transperency coefficient 


varied fror 0,760 tc %, 790, 


Thus at the test-site cloudiness ves the main facter reducin: 
the income of solar radioticn ond correspor.cincly its reflection, 
Seatteree radiation predorineted over direct and rade wy the rain ,er 


cen* cf incorine reciation in the diurns) varicticn, 


Muring the chservetionel veriod cloudy veether dcrinstec 
anc “as t:piceal cf the rericn, Tne rer cent distribution of totnl 
and low ecleudiness aurine the darlicnt neurs is snewn in Tatle 5, 
Purine the period of otservetion lev level clecuds Aorinsted 
(Fir, 11), Diurmal sure cf incomine and reflected soler radietion 
for the observation period are shovm in Tatle 4, Their ~ean value 
for the period was ecuel to 32° eal/er* 24 hours nd 26 en] /ome <4 
hours resnectively, Isopleth plot of hovrly surs vere dravr cn the 
basis of hourly surs of interrel radiation (Fic, 12). There 


wes nc ronotonous petterr of raciation variation in the plot. 
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Fivrure 11, "“requency of occurrence of var‘ous 
cloud types. 
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Firure 12, Mily veriation in the total rediation 
30 July - 12 August 1977, 
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Arong dreory days one can see days with slirht to changeable cloudiness, 

@hicn chanred te a constant variation of hourly sums and tiree cells of 

nigh values appeared, The increase of hourly sur values on 2 August and 

8 August resulted fror the eppearance of the Northern-Pacific anticyclone 
reach in the region, [urine tnese cays a pronouncea diurnal variation of 
hourly sums of incoming and interral radiation with saxirur at noon (1200-1300 
houre) wes cbserved, nm the rest of the days the raxlmur was shifted relative 


to noon and was observed either in the first or in the second half of day. 





The relationship of the Northerm-Pacific anticyclone and cyclones 
passing over the sering Ses and the frontal systen connected with them 
determined the weather conditions ss wéll as the diumel variation of 


incoring solar radiation. 


Hourly sums from day to day during equa] hour intervals were different 
fror, 3 July to 2 Aurust during the first four hours and in the evening their 


difference was srell, 


The greatest raxirum hourly sur of 64 cal/erérin per day was observed 
on 8 August when the arount of nirh-level clouds equalled two, three, and the least 
one -2cal/cr*min - on 12 Aurpust when the arount of low-level clouds equalled to 


ten, 


The diurnal sum of reflected racietion with minimum value 12 cal/em* 
24 hours was observed in Aurust 5, the maximum - 45 cal/en® 24 hours - August 8. 


This variation amounted to 71%, Constant variation from day to day of the 








reflected radiation was not observed and its value was subfected to the 


character ene amount of clouds. 


To charecterize the heat albedo variability of the see curfnce re | 


agrew plots of the diurnal verieticn cf its hourly values (Tir.13) ‘ 


The firure shors the daily verietions of albedo for the rest 
cheracteristic conditions: & August - slirht cloudiness, 1° ‘uguste 


chanrible cloudiness, 6 ‘upust - continccus cloudiness. 


On the cay vith the least cloud:ness daily albede variation. was ! 
pronounced, A rinimur value of 4% of albecd was observed ebout noon 
(1100-1590 hours), and in the moming and eveninr it increased to 28%, During 
gavs with continuous cloudiness ¢iurnal albedo verintion wes of » smooth 
character (from 0600 to 1400 hours slbedo wes equal to 6%) and it increased 
slightly (hy 2-47) fn the rormine ond evenine, Such a veriation of slbede 
hourly suvs dorineted durine the cruise, On days with chancitle cloudiness 


there wes no pronounce? albedo verirtion. 


Vourly mean velues of elbede vrristions during the chservaticn pertod 
rere increasec by evening, at noon tine during § hours it was almost constant 


and ecurlled 6-7%, 


Mlbedc of diurne] sums of the reflected recintion in characteristic days 
(6, ®, 12 August) was 6, @, and 8% respectivelv, lean albedo value of diurnal 


sums for the entire observation period was 8%, 
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Figure 13, Meily varietion in elbedo, 
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Atmospheric Chernistry 





1) Radioective 'ateriels 





The concentretions of Pb*** and bh“** were deterrined with the air of 





surveying the air rass to study the rollution of the atmosphere, the reasoninr 


behind this being that these nuclides have a purely ccentinentel oririn, 


In Table? the daily averare concentrations of the radioenuclides in 


the study srea are shom.,. 


Since sarples for radionuclides were taken four times a day, Teble 7 
shows the rinirur and raximur concentretions of pels in the four sample 
(mumerator) and the mean value (denominator). [irh. concentrations of pe<is 
were generally observed in only one sarple of the four. The samples of 
8/8/77, in which hich values were observed in three of the four sarples, are 


an exception. 


As indicated, the average concentration of Pbo<24 varied 


-15 


el 
over the ranre 2.35 x 10 to 11.0 x 10 15 curies ner liter. 


2) Sulfur Moxide 





The results of the determination of sulfur dioxide concentrations in 


the layer of atmosphere near the surface of the sea are shown in Tableé. 


The concentration of sulfur dioxide in the central region of the ering 
Sea varied from 0.08 to 0,20 g/m (over seven samples). An exception was sample 
S-8, in which the 50, concentration was severa] tires higher than previously 
and this was attributed to shipboard contamination. 


3) Trace Metals 


Table 9 shows the concentration of selected trace metals ir the 


*tmosphere neer the see surface, 
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Table 7. The daily concentration of Ph@24 and Pb“ in the Study ares. 


Dete of Sarmnle Concentration of isotone in air (curies/liter) ° 197)? 
mets ppele 
7/30/77 490-1 19 0 
7/31/77 2 0-260 0 
8/1/77 235-512 0 
2/2/77 316-437 0 
8/3/77 HO 3~ 354 0 
8/4/77 623-1420 18,3 
“sy 
8/5/77 306-527 0 
8/6/77 2 30-750 0 
420 
8/7/77 315-604 9) 
49%) 
&/8/77 520-1290 8.3; 153 17.4; 0 
<I 
8/9/77 663-1400 15 
5 
2/10/77 960-1490 19.4 
€/11/77 490-1100 10,9 
to 


8/12/77 460-647 0 





Table 8 


The atmospheric concentration of sulfur dioxide near the sea surface, 


* 





C C 
SO,, SO.» ' 
Concen- 
Date of Date of (Bub- (Solid tration 
Sarple start of end of bler) Sorbent) of SOQ,» 
No. sarplinr sampling /sic/ 
(Station#) (Station#) 3 3 
up/m? ug/m ug/m 
Sel 30 July (1) 1 August (7) 0.07 0,10 0.09 + 
Se2 1 August (7) 2 August (12) 0.17 0.15 0.16 
S=3 2 August (12) 4 August (19) 0.11 0,08 0,10 + 
Se4 4 August (19) 6 furust (24) 0.21 0.23 0.22 
S-5 6 August (24) 8 August (31) 0.08 0,07 0,08 + 
5-6 8 Aurust (31) 9 fugust ( 36) 9.18 0.20 0.19 
Se7 9 Aupust (36) 11 August (43) 0.13 0.12 0.13 
S-2 11 August (43) 12 August (48) 0.54 0,56 0.55 





Table 9 
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The stmrospheric concentration of trace metols near the surface 


of the see, 


Inorgenic 
Component, 
Sample No, 


up/m? Cu Zn Pb Ca Ni 











4) Hydrocarbons 


Sarple locations, times, averare wind velocity and ternerature 


are shown in Table 10, 

The data on the hydrocarbon content in the samples and in the 
atmosphere are presented in Table ll, 

The observed differences in hydrocarbon concentrations were 
small and were not considered to be significant, 

Fig.14 shows e chroratorram from filter F-2, which is also 
characteristic of the two other aerosol samples, The peaks on this chromatorrar. 
are normal alkanes, while the “hump" from which they extend was composed of 
unresolved peaks of naphthenic ard aromatic hydrocarbons, The raximur. of the 
"hump" was located in the area of the Cog to “og hydrocerbons, 

>) Benzot a )pyrene 

In the sample F-4 the concentration of benzopyrene in the 
atmosphere was approximately 0.1 ne/r, while in sample F-5 the concentration wes 
0.2 ng/m?, The averege concentration of benzo(a)pyrene near the sea surface was 
0.15 ng/n’. The number of samples was too srall for generalizaticns on the 
atmospheric distribution of benzopyrene to be rede, 

Hydrologic 

Figures 15 to 18 show the vertical and horizontal distribution of 
temperature and selinity. 

The data indicates that this recion cf the Berins “ea can be civided 
into two parts, The dividing line along the front was evident in the salinity 
field (Fir. 16.) Wexirur salinity variations of 1°/oc per 30 riles 
characterized this region, Waters with steble stretification were found to the 
north of this front. A wiform surface layer with lower selinity ( 30,00-31.00°/0c) 


and temperature ranging between 9-10° was evident. The depth of the water was 10m, 








Table 10 


Sample locations, times, averere vind velocity and temperature, 














Station No, of Volure of Air Ave.,Air Ave.wind 
Sample Nate of Sampline Location Pessed thru, Tenp. Speed, 
Ne, Sampling Start Finish cu, meters % 
1 July 39 1 7 2700 9.5 4 
August 1 
2 August l-2 7 12 2500 9 4.5 
3 August 2<4 12 19 2000 5 € 
6 August 4-6 19 24 2 300 10 10 
5 Aucust 6-8 24 31 2200 9,8 9 
6 Aurust 9-ll % 43 2500 10 5 
7 August ll-l2 43 48 2400 9.8 5 
Txble ll 
Sample No. Tote] Frercearbors in “emrile Concentret‘or of t.drocertors 
i a ur/r3 
F-1 264 0.79 
"2 Ze] 0.72 


r=3 1.9 0,90 


The thermocline was present between 10-25 mm, The predient 
of the thermocline was 1° sm in terperature and 0,10%./r in selinity, The 
salinity in the discontinuity layer varied fror 30.80% at the upper 
boundary to 322% at the lower boundary and terperature varied fror 


1,0-1,5°, 


The waters helov the therrocline were uniforr and were characterized 


by terperature and salinity of -1.5-1,7° and 31,80-32,1% respectively, 


Near tottom ccld waters were located at depths of 20m in the 


northern rerions and at aprroxirately 45r in the frontal region, 


Near tottor cold water is forred in the shallow water during suture 
winter coolinr, its salinity is enhanced while icing, In the early spring- 
surmer season warring of surface weters stimulates the thermocline forretion 


which rreserves the negative terperseture anoralv for s lone period of time, 


The thermocline reached the surfece to the north-east cf the test- 
site (Fir, 17) end in the surface rerion (0-10m) weter terperature was 10-11° 
while snlinitv decreased to 30°/o0, “ear bottom cold water was driven away from 
Alaske ecastes and is evidently related with streems of river run off which flow 


to the North, 


A warr weter jet is found within the frontal zone with temperature 
10-11° (Fir, 16+18). The 10° isctherr was present at denths of 10-16 r. 
Apparently ea Pecific warr jet approsches the continental shoal and pushinr arainst 


ct. ‘ptthew Islend turns to the North end North-*est. 


c24 





“time 








Fieyre 14. rhrematorram cf Filter Fed. 
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C . 
fmure 16, Vertical distribution of terpersture and 
salinity rlor? Trensect "i. ly. 
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— Dover Wi mia 























Firure 17, “erticel distribution of terpereture anc 
selinity elone trensect Nc, 4, 
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alinity along transect. 
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To the South of the boundary mentioned above alrost vertical 
isotherm and isohaline were observed fror 30-50 m depth to the bottor and 


this testifies to the vertical movement of water (Figs, 16 and 18), 


Isotherm and isoline convexities and corcavities, profile No, 1 


(Fig. 15  ), indicate the vertical moverent of the water, 


The discontinuous layer while passing (from North tc Couth) over the 
front became less pronounced and its lower boundary sank to 50», The 
gradients were lower and amounted tc 0,12°/r in the terpereture field, Cradients 


in the selinity field were neprligibile, 


Salinity increased fror 33,00 to 33. 5°/oo and terpereture decreased 
from 8.5 to 9°C at the surfece fror the North to Couth, This is attributed to 


the inflov of Pacific saline water and rixing in surface and subsurface leyers. 


While considerine the hydrolorical elerernt d’stritutions over the 
test-site it should be noted that there was a front in the regicn of 60%! to 
the North of the front water that was charecterized by c diccontinuity layer 
with large terpereture (to 171) and salinity (to 0.19.:77) gredients, Below 
the discontinuity layer cold (to -1.5°) brackish weter (tc 32,10°/o0 was present, 
In the frontal zone to the south of St, Matthew Island a Pecifie water jet with 


temperatures of 10-11° was chserved, 


Waters with unstable stratifications were chserved to the south 


of the front. The layer of terpereture increases was slight anc salinity 


gradients were small. 
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Fleure 19, Terperrture foopleths Cer the ‘ester NortheCouth (\", NC) treneect, 
‘, Torveresture (°°) isepleths developed fror date of stetions of flrot uarvtlin. op 
%, “ermperature (°C) tsorlethe developed fro: dnto ef stations of second ani, lin. ~ 
“stance betveon a: {sc YO km, 





The dietritution of terperature lone the western north to scuth 
trensects (sarpled trice) of the sarple ¢rie is presented as isopleths 
in Fi¢gvre 19, The reter ecclurn pt each stetion was warrer when sarpled 
the secon? tire ac evidenced br correrine Firures 19a and 19%, The tire 
irterve) tetveen reoceurnyvine etations wae sever. to elrht days, The 
converrcence cf fserleths tovards the unper shelf indicates an Increasingly 
statile thermocline in this nrer, The degree and vertical extent of this 
vorrine onpearc tc be releted to the stability of the assc@iatec pycnocline, 
The hirhest terperatures ( 1,5°°) were measured at stations with 
sisrificent halo stretification whict. would lirit therral convection to the 


hottor weter, 


Cubzero terpernatures were observed in water beneath the thermocline 
on the shelf, Althourch terperatures below 75 mr denth were not reasured, 
previous investicetors (Mhteni 1973; Comchran and Chormnell 1977; ! vench 
1976) have indicated that the cold water mass on the shelf resulted fron winter 
ecolinr at this site and that water terperstures at depths below those measured 
off the shelf would be expected to be relatively warmed by corparison, The 
distribution of ternerature in bettor waters fror the first sampling (Aurust 2 - 
Aurust 5, 1977) can be seen in Firure 21, The cold weter mass observed southwest 
ef St, Lawrence Island was previously described (Chtani 1973; Kitano 1971; 


Takenouti! 1976) and appears to be a reruler feature in the area. 


‘ost of the stations on the shelf were hirhly thermally stratified. 
Stetion 19 (43 on the second sarmplin;) ras less thermelly stratified and was 
isoheline, the probable result of tidal rixing et this shallor (26m) station, 


"wench (1976) and “htani (1973) suerest that winds and tidal currents are 
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mechanisms maintaining isolhaline conditions over shallow depths on the 
eastern Bering Sea shelf, An illustration of the thermal and halo 
stratification that was observed at more northern stations, in addition to 
the sampling resolution of the computer-probe system, can be seen in 

Figure 20. At hichly thermally stratified stations some minor irrecularities 
in salinity profiles were observed in the region of the thermocline, The 
irrerularities appear as small density inversions in sigma-t profiles, Some 
of these irregularities were reduced while others persisted when sslinities 
were recalculated from terperature readings of the faster responding platinur 
probe and conductivity deta. Although density inversions in this area have 
been reported (Coachran and Charnell 1977), the apnarent inversions noted here 
are probably instrument artifacts related to the effect of rapid chanres in 
temperature on relatively unresponsive probes, The inversions observed by 


Coachran and Charnell occurred in late winter in less stratified waters, 


Salinity increased fror north to south on both north to south 
transects and fror east to west on the northern transect. Surface selinity 
isopleths appear in Firure22. A slight increase in salinity that was generally 
observed upon reoccupation of stations was possibly the result of a northward 
corponent of flow, The finger-like low salinity area in the northeast section 
of the grid is probably the result of coastal runoff and input from ‘orton 


Sound into which the Yukon Piver empties. 


Terperature-salinity graphs sre useful in identifying water masses 


and mixing relationships (Dietrich 1963). Indeed, when surface and tottor 
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“irure 22, Curface salinit: isopleths, 
0) Salinit:: isonleths expressed as ppt developed from stations 1-24, 
b) Salinity isopleths evpressee as ppt developed from stations 25-46, 
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Ticvre 23, Selinity -terrerature plot: Stetions 1-24 
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Tieure 24, ‘nlinitv-terrereture plot: Stations 25-48 
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tervereture and salinity data were plotted three distinct water masses 
emerced, A! grenh of prouned surface and bottom selinities for stations 

1-24 and 25-48 cen be seen in Firures 23 and 24 respectively. Figures 23 
and 24 shor thet little chanee in the salinity or thermal characteristics 
of the area occurred between reoccurpition and that conditions other than 
Steady stete were not indicated, The criteria for classificatiam of the 
seavater masses used here 2re sirilar to that of Takenouti end Chtani (1974). 
Stations 19, 11, 12, 13, 14, 15, 16, 29, 21, 22 and their counterparts 

3%, 35, 36, 27, 38, 39, 40, 44, 45, 46 on the second sarpline are classified 
here os Thelf® “ater having the cheracteristics of rinor salinity stratification 
but strone therral strotificeticn. Stations 17, 18 and 19 and their 
counterrarts 42, 43 and 44 are clessified as having the characteristics of 
Cosstal Sater. The deener coastel water stations 17 end 18 exhibit 
salinity ac well as terperature stretification, Ctations 19 and 43 are 
comperatively well rixed, presurably due to tne shallow depth and tidal 
mixine which is consistent with Takencuti and Ohtani's classification of 
coast2l water. The reraininr deeper stations 1, 2, 3, 4, 5, 6, 7, 8, 

9, 23, <4 will be clessified as Source “later which is relatively warm by 
corparison to shelf water end erhibits little salinity stretificatiam and 
less severe therrel stretification, A craphic representation of the location 


of water rasses in the sarpled area appeers in Firure 25. 


feostrophic Flow Estimation 





The distribution of water density as sigre-t isopleths drawn from 


data fror all transects appears in Figures 26, 27 and 28, The distribution 
















































































Fieure 25, Toeetion of water rasses in stucv reas, 
“eter ress clessificetion is based upon 
temperature and salinity characteristics, 
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Figure, 26 Sigme-t isopleths west to east transects, 
A.) Sigma-t isopleths from the southern transect 
along the continental slope, first sampling. 
B.) Sigma-t isopleths from the northern trensect, 
first sampling. 
C.) Sigma-t isopleths from the southern transect 
second sampling. 
D.) Sigma-t isopleths from the northern transect 
second sampling. 
Note: West is to the left in all figures. 
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“irure 27, Girreet isopleths fro*-the ‘estern, !Jorth-South transect, 


A.) Sipraet isopleth fror the first samplinrc, 


3.) Sieraet isopleths from the second sarplinr. 


ae 


North is to the left in the firure, 


‘North is to the left in the firure, 
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Firure 26, Cirreet isopleths fror the "astern, North-South transects, 
!,) Siere-t isopleths from the first sarpling, “orth is to the left in the firure. 
R.) 


“tepaet isonleths from the second sarnling, “orth is to the left in the firure, 
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Table 12 100, 


Anorely of dynamic depth relative to 10, 25, 50 and 


75 doar surfaces expressed as cynamic centimenters, 





STATION 10 dbar 25 dbar 50dbar 75 dber 

Cl 3.64 8,58 15,37 19,96 
C2 2.77 6, 86 12.03 15,68 

C3 2.47 6,13 10,56 13,06 
1 2.68 6.47 11,43 14.95 
2 2.51 é,12 11,14 14.52 
3 2.53 6,15 10, 7€ 13.94 
4 2.62 6.50 11.40 14.75 
5 2.61 6.43 11,25 14.76 
6 2.86 6,77 11, 35 14.54 
7 2.72 6.67 11.39 14.71 
8 2.71 6,66 11,86 15.15 
9 2.89 7,98 12.13 15.74 
19 3.62 8,89 14.95 19,51 
11 3.89 9.35 15,17 

12 3.97 9,05 14.91 

13 4.26 9. 14,82 

14 4.07 9.35 

15 4.21 9,69 

16 4.97 2,89 

17 4.47 10,72 

18 5.68 12,04 

19 4.13 10,02 

20 4.19 9,65 
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Table 12 - continued 





STATION 10 dbar 25 dbar 50 dbar 75dvar 
22 3,53 8, 36 15, 36 

23 2.95 7, 36 12, 30 15.99 
24 2.68 6,61 11,50 14,87 
25 2.92 7,25 12,54 16,22 
26 2.63 6.55 12,07 15.44 
27 2.68 6,62 11,27 14,33 
28 2.68 6.54 

29 2.65 €.59 

30 2.82 6,83 

31 2.76 6,83 

32 2.74 6,82 

33 2.91 7,07 

34 3.68 8,51 

35 3.77 8.95 

36 4.17 9.24 

37 4,27 9.04 

38 6.25 11.89 

39 4.% 9. 36 

40 4,26 9.69 

41 4.57 10.11 

42 5.48 11, 37 

43 3.82 9.21 

44 4.43 9.39 














Table 12 - continued 





STATION 10 dobar 25 dbar 50 dbar 75 dtar 
Lé 3.84 8.65 14.93 

47 2.91 7.22 12.10 15.55 
43 2.85 6.92 11.92 15.42 
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of dpma-t from the second sarpline (stations 25-48) resulted in iscpletns 
Siniler to these from stations 1-24 and surrests reletively stable taroclinic 
conditions. The isopleths in nerth te south rlanes closely reserble those 
prepared by !'uench (1976) on a narellel transect conducted in Aurust 1974 

east of this sarpling rrid fror Bristcl Bey to Norton Sound, The converrence 

of isopleths towarcs inshore waters (Fics. 27 and 28) indicetes increesingly 
Stable pyenoclines es one roves inshore. The pycnocline is an effective barrier 
to vertical mixing (Cribik ane Csterle 1977) snd turbidity maxima associeted 
with pyenoclines in the Berine Sea have been reported (Kewana 1975), The 
relationship between pycnocline stability and the vertical distribution of 


nutrients and chlorophyll a will be treated in e later section. 


The anomaly of specific volume which was calculated from reciprocal 
Sipma-t values shows a distribution similar to that of sigma-t. The ancmaly of 
dynamic depth relative to isoberic surfaces was obtained by depth wise integration 
of the enomaly of specific volume. Inspection of the sipra-t iscpleths shows 
that the areas of higher pressure are located at the northern.end of the sampling 
grid, If the slope of isopvenals is nerative when considerine increasing depth 
to be positive, in the northern herisphere, e current coming out of the page 
towards the reader is indicated (NYOSL 1973 ), Since the figures of the north 
to south transects (Firs. 27 and 28 ) have the north direction to the left, 
the general direction of currents indicated through the north-south planes is 
to the west. Through the northern west to east transect planes the direction 
of the current appears to be to the north (Fics.26—a and 26c ). The plane of 
the southern west to east transect (Fices.26b and 26c) is more arbifuous and 


may be the result of estuarine type circulation and/or upwelling, 











Table 12 contsins the snomaly of dynemic depth for each stetion 
relative to the 25, 50 and 75 dbar surfaces. The results cf the Qmneric 
depths calculetions show that the ereas of higher pressure were located 
in the northern and eastern areas of the sarpling crid. Differences in 
dynamic depths relative tc a riven isobaric surface ere typically plotiec 
as dynamic topography (Newman and Pierson 1966; Mictrich 1963) end the 
reader is left to interpret direction and magnitude of rccstrophic flov. 
from a distence versus velocity rlet within the ficure, Cuch e precertetion 
eppears in the analysis of data frer Bristol Bay presented by Coachman and 
Charnell (1977), Here, a vecter field presentation relative to 25, 50 and 
75 dbar surfaces in which components of peostrcophic flow nerpencicular to the 
plane of water tetween two stations is presented, little real value woulc he 
obtained frox. the resolution of this vector field since the eelculetions vould 
be overburdened with assurntions. The vector fields of caleulated reostrernic 
flow relative to the 25, 50 and 75 dbar surfaces eppesr in Figures 29, 30, 31 
respectively. Again, the assurption of frictionless currents should be ecnsidereé 
when exarining these figures, especially in the rore northern sreas where the 
isobaric surface is close to the bottom, These firures xere constructed fren 
data from stations Cl, C2, C3, 1-24 and are quite siriler to those prepared fron. 
the second sempling, The vector fields indicate the presence of 3 general 
northwesterly flow relative to the three isobaric surfaces, The velocities 
calculated along the continental shelf break Surfest a possible estuerine type 
circulation where waters in surface layers rove in ornosite directions of 
lower depths. Coachman snd Charnell (1977) encountered this tyne of circulation 
in Bristol Bay and suggested thet the reguired enerry for the apoter. te supplied 


by winds, The entrainment of water fror the lower level by the upper level is 
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ecessary to reintain this type of circulation (Fedfield et al. 1963) and 
ence suggests upwelling phenomena alone certain sections of the continental 
slope. The resultant current from these vector fields prcbably follcws the 
athymetric contours eas surrested by Muench (1976), The reneral northwest 
urrent appears to be a component of the counterclockwise gvre in the 
leutian Basin described by Takenouti and Ohtani (1974), Takenouti (1976), 
Intani (1973) and Coachman and Charnell (1977) as the effect cf the Alaskan 
tream enterinre the Bering Sea through passes in the central and eastern 


leutians. 

















a of OF CH OF 
*# » 


of o 


BEST DOCUMENT AVAILABLE 














7° 8 
°o ¢ o 
° " e 
- ¥ t fe) @1.0-1.5 cm/sec. 
e . . % @ 0.5-1.0 cm/sec. 
- @ 0.2-0.5 cm/sec. 
Oo ' fe) *005-0.2 cr/sec. 
*# }; * 
oO @ Oo 
* 
« 
@ ° "" 
oO ° A 
ad » e s « e ; ef 
° 8 
org%o 2? ¢ 
oO | ° 








Firure 29, Geostrorhic current vector field relative to the 25 dbar surface. 
Arrow size indicates the rarnitude of the current component perpendiculer to 
the plane formed with depth, between two stations (indicated by circles), 
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Firure 39, Ceostrophic current vector field relative to the 50 dbar surface. 


Arrow size indicates the nmapnitude cf the current component perpendicular to 
the plene formed with depth between two stations (indicated by circles), 
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Tirure 31, ‘eostropnic current vector field relative to the 75 dbar surface, 
frrov size indicates the marnitude of the current commonent perpendicular to 
the plane formed with depth, between two stations (indicated tv circles), 
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Light 


Induced electrical currents (noises) were apparent in some light 
profiles taken early in the expedition. This problem may have been 
releted to the effect of the Volna's electrical syster on the unshielded 
photocell conductor that rested upon the vessel's metal afterdeck, This 
problem was solved by routing the signal from the submarine photocell 
through the turbidity conductor of the Interocean 513D probe package, 


thus sacrificing the turbidity probe, Profiles that were judged to be 





unacceptable based on obvious voltare irrerularities were omitted fror the 
calculation of extinction coefficients which appear in Table 13, The 
larrest white extinction coefficients (on the crder of 0.15m 72) were 
associated with the coastal water mass in the northern section of the 
sarpling rrid. Source water had the lowest values (90,0772) and shelf 


vater had generally intermediate values (0.10 r“), 


In the rarine environment suspended particles senerally reduce licht 
transmissicn by 39-70% in constal waters while less than 7% alonc the 
continental shel® (Clarke and Ner.tor. 1962). KXawaene (1975) in a study 
of the summer distribution of turbidity in the “erinr Cee rade sirilar 
observations, The possible souree of turhidit: to the ecesteal water area 
includes ticlorical particles, cetrital and inert solids input fror. lend 
érainere ond from resuspension of sediments es a result cf tidal flow at 


Shallow depths, FRegressicn analysis fsiled to substantiate a significant 
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Table 13 


Observed light extinction coefficients (77>) 


Lirht Quelity 








Station White Green Blue Ped 
1 .08 ell ol) 229 
2 098 07 208 - 35 
3 __ NOIS __ __ 
4 208 «06 .07 2€ 
5 .08 208 208 30 
6 .09 .10 ell 33 
7 ell ~10 ell «35 
8 ell 099 10 229 
9 12 13 15 32 

10 NOISE NOISE NOISE NOISE 
ll NOISE NCISE NOISE NOISE 
12 NOISE NOISE NOISE NCIGE 
13 . NOISE NCISE NOISE. NCISS 
14 NOISE NOISF NOISE iICISE 
15 007 299 009 

16 «04 201 .97 

17 eli 219 013 

18 . 16 13 . 1é 

19 a DARK 

29 16 214 015 

21 211 .10 oil 
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Table 13 ~- continued 


Light Quality 








Etation enite Green Blue Fed 
22 ele .09 13 
23 13 .19 ell 
24 07  0€ 297 
25 21 08 
2€ ei2 215 17 
27 07 07 26 
2é ~10 .09 .08 
29 6 206 07 
39 % 227 27 
31 —_— DARL __ 
32 .19 .09 ell 
33 97 205 299 
34 09 299 ell 
35 019 210 10 
6 014 212 213 
37 211 229 
3F O8 DAPK __ 
30 p— DAPY a 
49 213 eo oi] 
4] 015 12 014 
42 215 ‘ 014 











Station White Sreen Plue Ped 


lle, 


Table 13 - continued 


Livht Quelity 








46 11 .10 010 
47 DAPX 
48 .10 .09 o11 





NOICK# indicates reedines elirinated fror calculations due te evidence 


of induced current ‘n voltere profiles, DPN indiesates station where 


photocell voltares were considered toc srall due tec darkness * 


1CP accure ve 


ealculatiors, 
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relationship ( p¢ 0,05) between light extinction coefficients for the 
different light qualities and surfece or depth averaged chlorophyll 


values. 


Ambient light levels recorded from the photoreter's reference cell 
on the deck of the Volna anpear in Figure 32. A reading of at least 
1,200 ft-c was recorded each day of the expedition, The rmaxirur recorded 


intensity was 3,000 ft-c, 


MePoy and Coering (1976) foune that light penerally lirits phytoplankton 
development in the Berinr Sea. The relationship between tne euphotic zone 
depth and pycnocline depth plays an important role in the annual cycle of 
phytoplankton production in the Bering Sea (\cRoy and Goering 1976), High 
winds typical of this area (N,0.4.A. 1977) result in strong mixing above the 
thermocline, (Generally, the phytoplankton popukation increeses when the 
upper mixed layer is shallower than the critical depth (Hood and Kelly 1974; 
McRoy and Goering 1976). Euphotic zone depths were celculated using the 10% 
light depth (Odum 1971). At all stations the surface mixed layer was shallower 
than the euphotic zone depth, Generally the depth of the eunhotic zone and 
the surface mixed layer increased (approximately doubled) towards the 


continental shelf (Fig. 33 ). 


Chemical * 
1) Water 


Temperature, salinity, dissolved oxygen and nutrient data collected 


during the expedition are listed in the appendix B,. 
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Oxygen 

The oxygen content of the surface layer is determined through | 
the interaction of the water mass with the atmosphere. Processes of gas 
adsorption and desorption are influenced by such hydrological characteristics 
as temperature and salinity. For the summer period when the water 
temperature is appreciably increased the decrease of both absolute and 
relative oxygfen content would seem natural. However, in 6 given region 
(Figs. 34, 35, 36) the absolute oxygen content varied within the range 
7.0 ml/l to 7.5 ml/1 at temperatures 9°, salinity 32.7-32.9°/oo and the 
percent saturation exceeded 100%, This phenomenon is attributed to 


phytoplankton development in the summer period, 


Fir. 34 shows the vertical and horizontal distribution of oxygen 
In the northern sections the oxygen content of the water column was 
significantly higher (8.0-9.0 rl/1) due to the shallower depth vertical 


mixing and decreased salinity (0,5-31.5°/00). 


Maximum oxygen concentrations (9-11 ml/1) were present near stations 


12-15 (Fig.35 ) and the percent saturetion was 12.0°/oo, 


Nutrients } 
The distribution of phosphate, nitrite, nitrate and silica is 
shown in Figs, 37 - 41. 
Silicon (Figs, 39-41) generally varied within the range 200 ug/1 to 
5000 ug/l. In the surface layer where enhancement of biological productivity 


is generally observed, the uptake of the various forns of silicon is active 





which lead to its substantial decrease, Due to the solution of silicon rocks, 
destruction and sinking to tne bottom of various organisrs containing silica, 


silicate storage with depth takes place. !‘aximum silicon content 6000 ug/l wes 


observed at 2500 r depth, profile (Station 1-7 Fig. 39). 
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Figure 32, Ambient light intensity at station. 
Ambient light intensity (as foot candles) recorded by a photoneter reference 
cell and time (hours) from the start of the day (GMT) that station I wes sampled, 
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STATIONS: 34 36 35 34 33 32 29 


Figure 33, “ixed layer - euphotic zone relationshin on » north to south transec 
Mixed layer is indicated as the water above the thermocline 


(shaded erea), Solid line indicates the depth of the euvhotic 
zone, 
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Firure 34, Distribution of oxveen (71/1) 
alone Transect No, 1 
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“Irure 35, Tistribution of oxyren (ml/1) along Transect No, 2 
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/Lines shown are the profiles for 0,2 ug-atom/liter,/ 
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bigure 37, Spatial distribution of nitrites, in nicrorramrs toms 
per liter, on the /study/ polyron in the Bering Sea, 
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Figure 39, Distribution of silicon (ug/l) slonr Transect No, 1 


BEST DOCUMENT AVAILABLE 





Transect 





























100 
Depth 
(m) 
150 
2000 

200 

200 

500 


1300 








Figure 40, Distribution of silicon (ur/1) along Trensect No, 2 
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Firure 41, Distribution of silicon (ug/l) along Transect ‘io, 2 
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The distribution of rhosphate, silicates, nitrate and total 
incrcenic nitrogen as the sur cf mo C,, and NO_ el] exhibited strong 
. 3 
vertien]? and herizentel (in the north-south @irection) cradients, The impact 
of prirery rroduction on the distribution of these nutrients became 
evident in changes in nutrient profiles upon reoccunetion of stations, 
while the physical cheracteristics of the first twenty-four stations closely 


resertbled stations 24-48, respectively. The terporal changes will be 


considered in later sections while their spatial distribution is considered 


The creater mess of inorgeanie nitroren was found as nitrate over 
the entire sarpling area, The distribution of total inorganic nitrogen 
reserbles thet of nitrate. Vertical isopleths of nitrete for all 
transects (Fies.42, 43, 44) illustrate strong vertical and horizontal 
rradients, The ultirate source of nitrogen to the shelf area appeers 
to be the source water just below the shelf as indicated in the figures 
from the first twenty-four stations of veriical isopleths along both north 
to south transects, Concentrations of NO, freater than 50 up at/l were 
associated with water below the thermocline at stations along the 
continental shelf break, Effective nitrate depletion ( 1. ug-at NO,/1) 
was observed in the relatively warm water above the therrocline at the northern 
shelf water stations, The proportion of total inorganic nitrogen as 
ammonia and nitrite increases concurrent with a decrease in total inorganic 


nitrogen as distance fror the source water area increases and indicates 
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STATIONS: 31 30 «-29Cii28—27titKt—éS 
Figure 42, Nitrate isopleths from northern and southern transects, 
e) Nitrate (as us-at/l) isopleths from the southern transect's 
first sampling. 
t) Nitrate (as ugeat/1) isopletns from the northern transect's 
first sampling, 
ec) Nitrate (as umat/l) isopleths from the southern transect's 
second sampling. 
d) Nitrate (as ug-at/l) isopleths from the northern transect's 
second sarplinr, 
Note: West is to the left in all figures, 
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Firure 43, Nitrate lsopleths from the western tre cect. 
a) Nitrate (es ug-at/l) from the western trensect's first sampling. 
North is to the left in figure, R 
b) Nitrate (es up-et/1) from the western transect's second sampling. . 
North is to the left in fipure, 
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eure 44, ‘Iitrate isopleths from the eastern transects, 
e) Nitrate (as upest/1) isopleths from the eastern trensect's first sartlinc 
“North is to the left in firure, , : 
b) Nitrate (as ureat/1) isonleths from the eastern transect's second sernlinc 
North is to the left in ficure, . 
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that nitrogen cycling would be a mechanism of creater importance than 
edvection of nitrogen at northern shelf stations for sustaining summer 
productivity, Ammonia values ranged from 1, ug-at/l to 7, ugeat/l, 
Nitrite values greeter than 1 ur-at/l were recorded in only two samples 
from depths below the thermocline at stations along the continental 
shelf break, Total inorganic nitrogen concentrations less than 

l ug -at/l characterized stations alonr the eastern section of the 


northern transect and exhibited little verticel rradients, 


The effect of the pyenocline on the vertical distribution of 
nutrients is evident in the nitrate isopleths, Vertical stratification 
is more severe in the northern section of shelf water and probably 
presents e barrier to nutrient renewal from bottor waters into the 
euphotic zone, kowever, advective and diffusive processes could be 
expected to supply inorganic nitrogen to the euphotic zone in the less 


thermally stratified area of source water and the lower shelf area, 


The distribution of phosphete resembles that of nitrate in 
isopleths alon¢ the southern, northern and western transects fror the first 
samplings (Figs. 45 and 46). Total inorganic nitrogen end phosphate 
concentrations were hirhly correlated (r=.80, 217df n< .001), Again the 
isopleths indicate that the ultimate source of this nutrient is the 
area of source water at the southern end of the sampling area. fFhosphate 
values renred two orders of magnitude over the sampled area (0.1 uf-at/1 
-10, up-at/1). The ranre of tcotel inorganic nitrogen values as the sur 


of NH 3, NO, and NO, included four orders of magnitude (0,6 upsat/1-130. 


3 


ug -at/1). A georetric meen linear regression of total inorganic nitrogen 
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Picure 45, Phosphate isonleths from northern and southern vurensects, 
a) Phosphate (as ugeat/l) isopleths from southern transect's first sampline, 
West is to the left in the firure, 
b) Phosphate (as ureat/1) isopleths from northern transect's first samplinr, 
“est ie to the left in the figure, 
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Figure 46. Phosphate isopleths from eastern and western transects, 
a) Phosphate (as ug-at/l) isopleths from the western transect's first sampling. 
b) Phosphate (as ug-at/1) isopleths from the eastern transect's first sampling. 


North is to the left in the figure, 
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Total Inorganic Nitrogen (ug at/1) 





Foe. -- ° ° 
0. SISO RA IL 1 ] ! 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4&.0 4.5 5.0 5.5 


PO, (ug-at/1) 
Geometric mean regression of total nitrogen on phosphate, 
Geometric mean regression of total inorganic nitrogen (as ug-at/1) 
on phosphate (as ug-at/l). Regression equation: N = 18,86 x PO, 
(r=,82, 217 df, p < .001, 95% CL on slope : + 1.43) 








Figure 47. 
- 14.11 








133. 


100. 


S 


Bs 8 


Total Inorganic Nitrogen (pg at/1) 
3 








0. l 1 nl L | j L | ! | 


0. 40. 20. 30. 4. 50. 60. 70. 80. 90. 100. 
Si as Soluble Silicates (pg-at/1) 





Figure 48. Geometric mean linear regression of total inorganic nitrogen 
(as ug-at/l) on Si (as ug-at/l) as soluble silicates, 
Regression equation: N = 1,27 x Si + .96 
(r = .76, 217 df, p < .001, 95% confidence limits on slope = + .11) 











on phosphate was performed to ellucidate a general stoichiometric decay 


ratio for phosphorous (as PO, ) and nitrogen (Fig. 47). The fitted slope 
with 95% confidence limits: 18.86 + 1.43 ug-at N/ug at P is well 
within the range of values for N:? phytoplankton composition ratios 
reported by Ryther and Dunstan (1971) and Sakshaug and Holm-Hansen 
(1977), The intercept of the total nitrogen axis (-14.1 ug at/] 1) 
indicates that nitrogen would be depleted prior to phosphate vith 


continued decay at the given ratios, 


The distribution of silice es soluble silicates closely 
resembles that of nitrate and phosphate, The stronr vertical and 
horizontal gradients seen in vertical isopleths cf silica fror the 
first twenty-four stations (Fiss. 49 and 50) indicate that the source 
of this nutrient, also is in the area of’ source water. Silica 
concentrations in the range of half saturation constants reported for 
many marine diatom species (Paasche 1973a, 1°73t) were reasured in the 
warm water above the thermocline at stations associated in coastal water 
and northern shelf water, Cilica values were sipnificantly correlated 
with inorganic nitrogen values (r=.77, 217 df, p ¢ .001). A reometric 
mean linear regression of total inorganic nitrogen on silica (Fig. 48 ) 


yielded a slope of 1,27 + ,11 up-at N/ug at Si. 





135. 


Trace Elements in Seawater 





Tables14 and 15 show the concentrations of copper and 


lead in filtered Bering Sea water respectively. 


The majority of the stations showede a slight increase i'n the 
copper content of the water colurn with depth. The average concentration 
ef copper in the filtered Berins Sea water was 0.41 ug/l and the observed 
range was 0,08-1,02 ug/l. Firure51 depicts the average concentration of 
copper in the upper 25 reters of the water column, Although the ceneral 
trend in these data is an indicatio: of increasing concentration of the retel 
with increasing station numbers it vas observed that these changes were 


primarily related to local geography. 


The lead content of the filtered sea water also showed a slight 
increase with depth at the majority of the stations, The averave 
concentration of lead of the filtered sea water was 0,23 ur/l with an observed 
range of 0.03 - 0.68 ug/l. Figure 51 depicts the average concentration of 
lead in the upper 25 meters of the water column, As with copper the 


observed variations were related to local geography. 


The results of analysis of sea water samples riven in Tablel6 are 


expressed in percentages, i.e. grams of metal*100%, At the first 24 
prams of water 
stations the content of metals in the upper 50r was: mercury (0.5 to 5.84)° 





10°8%; chromiur (0.14 to 5.23)°107 4; zine (0.5-15)*10"¢; antimony (1.0-36.5)° 
10°°g; silver (0,2-24.8)*107%; bromine (0.34-13.7)%; pold (0.5+11,0)%. These 
data snow that the content of microelements in sea water may vary by factors 


of 10 to 50, 
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Figure 50, {lica isopleths from eastern and western transects, 
a) Silica (as ug-at/l) isopleths from the western transect's first sampling, 
b) Silica (as ug-at/l) isopleths from the eastern transect's first sampling. a 


North is to the left in the figure. ~ 
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Figure 51, The average concentration (ug/l) of copper and lead in the 
upper 25 meters, 
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open ocean” conditions. 


maxima as is generally found under other 
Ethane and propane also show no subsurface maxima and decrease in 
concentration with depth whereas methane remains fairly constant. 
The unsaturates, ethylene and propylene exhibit subsurface maxima 
at verious stations. The butanes (iso and normal) are present only 


in trace amounts at all stations and are therefore not significant 


for discussicn. 


The second major grouping of stations (15-20, 39-44) 
comprises the shallow water environment. There is an extremely 
sharp thermocline at approximately ten meters, The saturated 
hydrocarbons (CH,, CoHg, C3Hg ) are extremely high below the thermo- 
cline. Supersaturation for methane is as high as 300% at selected 
depths (usually bottom sample). The unsaturated hydrocarbons 


resemble the distribution found in the "open ocean" segment. 


The intermediate zone (St. 17, 14, 21, 22, 36, 38, 45, 46) 
is a transition between the two aforementioned areas. As such, 
the vertical profiles of the hydrocarbons shift as one moves from 
the shallow water environment to "open ocean" conditions(Figs. 52, 
53, 54). These stations were chosen based on the methene data and the 
thermocline depth and sharpness and are thus subject to some 


interpretive bias. 


Carbon monoxide concentrations are extremely variable 


throughout the sampling areas. There is no set pattern to the 

















$v¥.3 <= 
L$T.27 ---- 

















tt 


shallow 


ie & 


* / 
ac } - wy) / 
a5 4U 7 ia/f de 


tne same 

















~: one rer we 


Tm eee — 











—-—N 
a —_ 


80 


3.3 — 


$7.27 --- 











vemperature with 





the 


% 
-2 U 2 s 6 5 
H ‘ ’ ’ . ‘ 
\. 
4) 
iz awa 
| 47 
Ly 
| 
t é 
Lj 
tof 
th 
WW 


a oe eee ee ee 





























S %e 
32.0 


t 














Figure 54. Vertical profiles of salinity with the same conditions 
Figure 52. 














os ennnnsd da dtchutindden ade. 4 are a 
sarbon monoxide distribution with the available auxiilary data. 


Results of the analysis of the heavier hydrocarbon 
fraction in the surface microlayer and the depths of 0 and 50 m 
are given in Figure 55. In the same figure a curve of the 
distribution of the biomass of plankton in the layer 50 to Om 
this curve with the distribution of 
s in the water (curves 2 and 3) shows that the accumulation 
of biomass of plankton in the water in the second stage (stations 24 


ed to an increase in hydrocarbon content. In contrast, the 


b+ 


content of hydrocarbons in the surface microlayer practically did 
not increase, i.e., the change in the content of biomass in the water 
did not have a significant effect on the concentration of hydrocarbons 


n the surface microlayer. 


The average values of total hydrocarbons for the first 25 
stations were: surface microlayer, 0.345 mg/liter; at depth 0 
meters, 46 ug/liter; at a depth 50 meters, 44 ug/liter. In the 
second stage (stations 25 to 48) the average values for the /total/ 
hydrocarbons were as follows: surface microlayer, 0.359 mg/liter; 
at depth 0 meters, 110 ug/liter; and at depth 50 m, 85 ug/liter. 
In the second stage in comparison to the first, the concentration 


of hydrocarbons increased at the 0 meters depth by 2.4 times, and 


at the 50 m depth by 1.9 times. 
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Figure 55, Content of hydrocarbons in plankton in the water, 
Curve 1 - concentration of hydrocarbons in surface microlayer, 
2 - concentration of hydrocarbons at the 0 depth 
3 - Came, at 50 m, 
4 - Concentration of plankton In layer O to 50 in, 
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Chromatograms of water Samples 
a) surface microlayer 
0) sample of water from depth O m 

















characteristic chromatorrams 


"Ny . _* , "yy Md 6 sweetie ' 
aack h* ye Shaded i \ Suri & 


the region above C 
} 


" \ . 7 " 7) ,4 ‘. ri 
re observed, The maximum of 


the "hump" in the chromatogram of the water sample from the 0 meters 


depth is also located in the mn Con 1 but the relative 


content of heavy hydrecarbons in this sample was much less than in 
the sample from the surface microlayer. In the sample from the 
surface a high content of light hydr« ms, in the region below 


Coo was observed, 


The results of the measurements of benzo(a)pyrene (BP) in 


water are shown in Table ee. 


Determinations of BP were also carried 
n Jles. The concentration o » in Jlankton sample 
lankton samples he tio f BP i plankton led 
from stations 13, 17, 30, 33, and 44 were, respectively, 0.439, 


0.671, 0.755, and 0.403 mg/kg of dry weight of plankton. 


The average value was 0.622 mg.ke of dry weight. 
=} > . E 











Table Ze 


Concentration of benzo(a)pyrene 
in water, ug/Lliter 








Station Surface O m LO m 25 
No Microlayer 
8 - * 0,005 - - 
10 0.075 0.019 0.015 0.011 
12 0.077 0.007 0,017 0.014 
14 O 149 - - - 
L5 - 0.016 - ~ 
16 - 0,034 - ~ 
18 - 0.007 - - 
20 - 0.015 0.002 0.008 
22 - 0.0L0 0.008 ~ 
25 - 0.020 - - 
26 - 0 024 - - 
27 - 0.008 - - 
28 . 0,022 - - 
29 - 0.011 - - 
30 0.087 0.025 - - 
31 0.213 0,008 . - 
32 - 0.015 - - 
46 0.198 - - . 
Ave. value 0.125 0.014 0.011" 
a 


(Concentration values for the 10 m and 25 m levels are combined.) 


* Samples were not taken where dash appears. 
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Density as sigma-t is presented for three stations in 
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33 as closed circles, 
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Pycnocline stability and pycnocline associated 
chlorophyll concentration relationship. 


act 
Pycnocline stability expressed as Az plotted 
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a depth of 25 meters using trapezoidal integration and changes in 
station over the time interval 
between samplings were examined (Table 23). Rela 
decays of nitrogen, silica and phosphorous concentrations were 
associated with increases in chlorophyll along the southern 
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were observed at station <, located at the time of the Zhemchug 
Canyon. The stations at the northern end of the study area exhibited 
a general decrease in chlorophyll a concentration over the sampling 
interval. Ammonia production was evidenced at stations where 
substantial decreases in chlorophyll a were noted. Regression 
analysis was performed with nutrient and chlorophyll a data from 

the subset (Table 23) associated with positive changes in chlorophyll 
a concentration to determine the relative importance of inorganic 
nitrogen, silica and phosphorous on the observed increase in 
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one considers the effect of differential food chain passage < 


chlorophyll a and nutrients on regressions where a decrease in 
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chlorophyll a was observed. it is assumed that predation could 


be occurring while chlorophyll a concentrations increase. 


Stepwise multiple regression was performed with the finite 
rate of increase in chlorophyll a as chl a/ t in Table 23 as 


the dependent variable and the rates of change of silica, phosphorous 


and total inorganic nitrogen as independent variables. Silica was 
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figure 63, Spatial distribution of nitrites, in microgramatoms per liter 
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Figure 66, Population distributions ( in % of maximum) of 
(a) S, elegans and (b) C, plumchrus, along the 
transects perpendicular to the edge of the shelf, 
(Codes and labes are as in Fig, 60above), 
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Figure 70, Variation in particle size of mineral and 
organic aerosols, 
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regeneration of nitrogen and in the Bering Sea does not represent 


an advected source of "new" nitrogen. Generally, the advection of 
nitrogen from deep waters in nitrate incorporation by nonchlorophyll- 
bearing ammonia-producing heterotrophic bacteria is a mechanism that 
might account for a portion of the large decay in nitrate that 
occurred between samplings on the southern transect. Such a 
mechanism was suggested by Hattori and Wada (1974) and Wada and 
Hattori (1971), 

Nitrite is an important tracer of the nitrogen cycle. Areas 
rich in nitrite are associated with areas of active nitrogen cycling 
(Hattori and Wada 1974; Wada and Hattori 1971), The highest euphotic 
zone integrated concentrations of nitrite were found at stations in 
the region of the Zhemchug Canyon along the southern transect and 
ranged from 2-8 ug-at/m*. Some nitrite production was evident 
(Table 24) at stations at the northern end of the sampling grid 
where a decrease in chlorophyll a concentrations and an increase in 
ammonia concentrations were observed and probably result from the 


oxidation of ammonia by nitrifying bacteria. 


Circulation 





The general counter clockwise gyre reported for the Bering 
Sea basin (Hughes et al. 1974; Takenouti and Ohtani 1974) is evident 
in the dynamic topography of the shelf area, particularly below St. 
Matthew Island, The northward flow that Natarov (in Hughes et al. 


1974) indicated as passing to the east and west of St. Lawrence 
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Island is also apparent. However, a southward moving counter current 
towards the coast of Alaska in the northeast corner of the 25 dbar velocity 
field is also indicated. Although caution should be exercised when 
interpreting calculated flows in shallow areas, the comparatively 
low salinities (29%) in this area provide support for the presence 
of a countercurrent. This countercurrent was also indicated in the 
dynamic topography developed from the second sampling. The stability 
of this feature is not known but indicates that transport from 
Norton Sound (the Yukon River receiving body) may be of at least 
periodic importance to the lower shelf area. The general westward 
flow over the shelf is probably a more persistent feature in the 
area. Similar evidence of a westward baroclinic flow was provided 
by Muench (1976) in data from a hydrographic transect from Bristol 
Bay to Norton Sound. 

If one considers that the cross sectional area between 
Cape Navarin on the Siberian coast and Cape Tomanoff on the 
Alaskan coast is on the order of 90 x 106 m@ (calculated from 
N.O.A.A. chart 514) and that flow through the Bering Strait is 
1.4 x 10 m3 /sec (Coachman and Aagaard 1966), then an average 
velocity of 1.5 cm/sec would be expected through this area. 
Calculated velocities in the region of the cold water mass south- 
west of St. Lawrence Island were substantially less than 1.5 em/sec 
while others on the northern transect were in that range. The 


persistance of the cold water mass is probably related somewhat 











to divergence of the northward flow and it generally appears that 
this area is less effected by transport. 

The implication of baroclinic flow at the continental 
shelf in relation to possible periodic upwelling as a result of 
interaction with the wind field was considered by Muench (1976) 
in Bristol Bay, however he stated that upwelling had not been 
documented in this area. 

The velocity vectors referenced to the 50 and 75 dbar 
surfaces along the continental slope indicate a northward move- 
ment of water up the Zhemchug Canyon and onto the shelf. This 
feature was observed in dynamic topographies formulated from 
data from the first and second samplings of the area. The south- 
ward moving flow indicated in the western portion of the canyon 
(between stations 3-4) at the 25 dbar level from the first sampling 


was noted at the 75 dbar level the second time. The direction 


of flow at the eastern portion of the canyon (between stations 


2 - 3) which was to the north in reference to decibar levels 

to the 75 dbar on the first sampling was to the south at the 

25 dbar level on the second sampling. This estuarine-type circula- 
tion indicates upwelling but due to the nature of the calculations 
and the relatively shallow depth sampled they do not present by 


themselves a strong case for upwelling. 


Upwelling Phenomena 





The classic upwelling areas occur along the eastern 


boundaries of oceans in the region of the trade winds (Newman and 
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Pierson 1966; Redfield et al.1963). Upwelling is usually maintained 
by the movement of deep water to the area of upwelling to replace 
surface waters that have been moved by wind (Redfield et al.1963),. 
Upwelling areas are the most productive areas of the world oceans 
(Parsons et al.1977), Ryther (In O'Reilley et al.1976) measured 
11.9 g C/m*-day in the Peruvian coastal upwelling using a l4c 
technique with a 24-hour incubation period. Kelly and Hood (1971) 
Suggested local upwelling near the eastern end of St. Lawrence 
Island in relation to observed high CO> water concentrations 

(425 ppm) relative to air (317 ppm). Upwelling at the sills of 

the Aleutian Passes also was suggested by Hood and Kelly. Upwelling 
along the Aleutian Passes is due to convergent currents and the 
interaction of bottom topography and is evidenced in high concen- 
trations of nitrate and phosphate from the deep water source 

(Hood and Kelly 1974). Upwelling in the Bering Sea although suspected 
has not been documented. 

The movement of deep water into upper layers results in 
the formation of parallel isohalines and nutrient isopleths 
(Redfield et al,1963). Evidence of upwelling is presented in the 
nitrate and salinity isopleths from the north to south transect 
extending into the Zhemchug Canyon (Figure 76). In upwelling 
areas the major source of nitrogen to phytoplankton is nitrate 
(Redfield et al.1963). The euphotic zone integrated nitrate values 


at stations 1 - 8, 24 and the bathmetry of the continental slope 


and the Zhemchug Canyon appear in Figure 77. McRoy et ale(1972) 
measured nitrogen and carbon uptake in the Bering Strait in 1967, 
Their measurement of primary production at 8 g C/m*-day is the 
highest reported for the Bering Sea. Nitrogen and carbon were 
taken up in a 7:1 ratio and 77-89% of the nitrogen was assimilated 
as nitrate. 


Hattori and Wada (1974), in the development of a large scale 





nitrogen budget for the Bering Sea, employed a carbon to nitrogen 
ratio of 7:1 in their calculations based upon 14C and 15N uptake 
measurement. Redfield et al.(1963) proposed a relatively constant 
ratio of carbon to nitrogen for plankton as 5.5:1. Employing a ratio 
of C:N as 7:1 in estimating carbon fixation from observed nutrient 
decays resulted in carbon fixation rates as high as 14 g C/m*-day 
associated with the rim of the Zhemchug Canyon. The movement of 
water masses contributes error to such an estimate and any one 
estimate should be considered cautiously. The average production 
rate for the seven stations along the southern transect using 

this method of estimation was 7.1 g C/m*-day. Using a carbon 

to chlorophyll ratio of 30:1 (Steele 1974), the rate of change 

in standing crop phytoplankton biomass indicates a production 

rate of 83 mg C/m@-day over the southern transect and a maximum 
285 mg C/m@-day at a station on the rim of the Zhemchug Canyon. 
These latter rates cannot be realistically viewed as primary 


production since they are the net result of growth, predation 
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Figure 74. 
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Nitrate (as ug-at/l) isopleths seen here as 
broken lines and salinity (as ppt) isopleths 
in solid lines for the western transect from 
the first sampling. North is to the left in 
the figure. 
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Comparison of nitrate and salinity isopleths, 


B, Nitrate (as ug-at/l) isopleths seen here as 


broken lines and salinity (as ppt) isopleths 
in solid lines for the eastern transect from 
the first sampling. North is to the left 
while the area to the right represents the 
Zhemchug Canyon area. 
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Zhemchug Canyon bathymetry and euphotic zone integrated nitrate concentrations, 
Station numbers and locations appear in circles, Euphotic zone integrated 
nitrate (as mg-at/m<) appears as numbers associated with station positions. 
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and sinking processes. The decay of the nutrient pool towards 


the western limit of the southern transect was less dramatic. 
The euphotic zone in this region was comparatively lower in 
nutrients on the first sampling than that of stations farther 
east. A plot of isohaline and nitrate isopleths for the western 
north to south transect appears in Figure 76a. The agreement of 
isohaline and nutrient isopleths was not as strong as that for 
the eastern north to south transects. The euphotic zone of the 
western north-south transect on the initial sampling was com- 
paratively nutrient poor. 

Upwelling areas are typically dominated by diatoms (Nelson 
and Goering 1978). Subarctic Pacific phytoplankton are primarily 
composed of diatoms arc dinoflagellates (Marumo and Minoda 1976; 
Motoda and Minoda 1974). The latter authors found the 
highest densities of diatoms (10? cells/m3) associated with 
the area of continental slope proximal to stations 4, 5, 6 and 7 
in this study. The organism primarily responsible for the increase 
in chlorophyll a at stations along the southern transect was the 


diatom Rhizosclenia hebetata. 





Nelson and Goering (1978) found that in upwelling areas 
silica generally plays an important role in controlling primary 
production and phytoplankton species succession. In this study 
such a controlling relationship between silicon and primary pro- 
duction was suggested through multiple regression analysis where 
the rate of change of silica accounted for 64% of the variance in 


the positive rate of change of chlorophyll. 
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The concentration of nutrients found in the euphotic 
zone at stations in the region of the Zhemchug Canyon 
during the first sampling (N03: 20-60 ug-at/1; PO,: 1.6-3.8 
ug-at/l; Si: 1.5-2.1 ug-at/1l) are typical of those found in 
the peruvian upwelling (Walsh 1975). The concentration of 
nutrients present in the euphotic zone after the formation of the 
thermocline in spring could not be expected to result in the 
observed distribution in late summer and clearly reflect recent 
input. 

An upwelling event at the Zhemchug Canyon is evident 


the hydrographic, nutrient and biological data: 


(1) The sigma-t isopleths for the southern west to east 
transects (Fig. 25) indicate an upward intrusion of comparatively 
dense water, appearing as finger-like projections in isopleths. 

An inshore movement of bottom water and a smaller offshore movement 


of surface water is indicated in calculated geostrophic velocities. 


(2) Concentrations of nutrients in the euphotic zone at 
stations in the region of the Zhemchug Canyon during the first 
sampling were higher than would be expected given summer stratifi- 
cation and compare well to concentrations found in the Peru Coastal 
upwelling. Nutrient vertical isopleths are approximately parallel 


to salinity isopleths near the canyon. 











(3) The rapid utilization of these nutrients by diatoms 


and the suspected controlling influence of silica on primary pro- 


duction adds additional support. 


A continuous input of nutrients into the euphotic zone 
was not indicated in the canyon and thus it is suspected that 
upwelling is not a stable feature. The mechanism that drives 
the upwelling is not known but probably involves interactions of 
the wind field, the general counter clockwise circulation pattern 
that is fed by the Amchitka Pass to the south and the topography 
of the continental slope. The direction and speed of the wind in 
this area during the week prior to sampling ig not known. Wind 
velocities of 2-8 m/sec from 300° - 360° were measured during the 
two days of sampling in the region of the canyon. 

The importance of upwelling to harvestable production 
relates to the influx of nutrient mass that effectively permits 
accelerated primary and secondary production and minimizes the 
importance of short-term nutrient cycling for sustained primary 
production (Redfield et ale1963). Further, ecological efficiency 
as it relates to harvestable biomass increases as the number 
of trophic levels tend to decrease in these areas. 

In the most recent budget of primary production in the 
Bering Sea prepared by McRoy and Goering (1976), summer (61 days) 
production for combined oceanic and shelf areas is given as 


50 x 10° metric tons of carbon. This estimate was based upon l4¢ 


primary production measurements in the inner shelf and southern 


Aleutian Basin. If the 13% of Bering Sea area that is continental 


slope is considered separately with a production rate of 1 g C/m-day, 


McRoy and Goering's estimate for summer production is increased 
22% to 61 metric tons of carbon. 
An analysis of the features of the horizontal distribution 
of dominant species of phyto- and zooplankton showed that zones 
of the study area which differed in abiotic characteristics 


differed also in the composition and amount of planktons. 


Plankton 
Among the phytoplankton, oceanic species of diatoms and 
peridiniae predominated. The most abundant species at the edge 


of the shelf were Rh. hebetata, Ch. concovicornia, and C. tripos. 





In the interior of the shelf in the shallow part, C. oculus 
iridis, Th. sp., and C. tripos dominated. The maximum populations 


of C. oculus iridis and Thalassiosira sp. were found in cold waters 








with low salinity and high nitrite conteni. At the edge of the 
shelf the populations of these algae were substantially lower. 
Even more marked differences between shallow water and 
deep-water parts of the polygon were found in the analysis of 
the distribution of zooplankters. Oceanic forms such as C. 
cristatus, E. bungii, and Th. longipes occurred only in region 
near the edge of the shelf; the typically neritic organisms -- 


the larvae of benthic invertebrates and E. nord manni -- were 





encountered only in the shallows. The largest variety of 

















neritic forms of zooplankters were encountered near the islands 
of North Lavrentiya and North Matveys. Among the most dominant 
species some had their high populations at the edge of the shelf 
(O. similis), and others in the shallows. The population of 
dominant species of zooplankters was markedly higher at the edge 
of the shelf (9500 organisms per cubic meter) than in the depth 
(2500 organisms per cubic meter). 
The results obtained indicate the existence of two distinct 
communities -- neritic and oceanic -- of inhabitants of the area 
of the Bering Sea which was examined. In the greater part of the 
polygen a neritic community was observed, and characteristic 
features of an oceanic community were observed in the depth region. 
Heinrich, (1962), exploring the basic planktonic 
communities of the Pacific Ocean, pointed out that in the community 
of the oceanic zone of the Bering Sea the biomass of phytoplankton was 
small. Large-sized, herbivourous copepods dominated (Calanus 
cristatus, C. plumchrus, and E. bungii). In the community of the 
neritic zone the biomass of zooplankton per unit area of sea was 
less than in the oceanic zone, whereas the biomass of phytoplankton 
was higher than in the oceanic zone. The number of species was 
not great, and there were often many heterotophic organisms. 
Syomina (1955) noticed the confinement of neritic 


phytoplankters in the summer period to waters over the shelf. 
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He pointed out that the distribution of neritic species was 
limited to waters of the shelf; whereas oceanic species found 
favorable conditions for development in littoral and in oceanic 
waters. This explains the large quantity of oceanic phytoplankters 
found in the neritic community. 

The data which we obtained on the distribution and abundance 


of dominant species of phyto- and zooplankters confirms the normal 


distribution of planktonic communities in the Bering Sea (Syomina 1955; 


Heinrich 1962). 

Among the important distinguishing characteristics of the 
communities which we observed were the time-variability of the 
species composition and abundance of the plankton in the shallow 
regions of the study ares as compared to the situation in deep 
water. This evidently is the result of the more active dynamics 
of the water in the deep part of the polygon, in the zone of 
influence of the Transverse Current. In the shallow area, the 
current is very weak and apparently cannot significantly change 
the characteristics of the community in a given zone by way of 
introducing plankton from other regions. Local changes in the 
community which occurred over the period between samplings 
(7 days) were small, apparently due to the low temperature of the 


water and concomitant slowing of the development of the plankton. 
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and little renewal from the relatively warm and nutrient rich source 


water in this area, 


Strong evidence of previously unreported upwelling along the 
continental slope and in particular in the region of the Zhemchug 
Canyon is found in nutrient and density distributions and geostrophic 
current velocities. Primary production rates on the order of several 
grams carbon per square meter per day are reflected in the decay of 
nutrient concentrations in the euphotic zone along the <cniinental 
shelf. Silica concentrations appear to exert a controlling influence 


on chlorophyll production in this area. 


Nitrogen and phosphorus are removed from seawater in a 
mean 18,8:1 ratio. Nitrogen and silica are removed in a mean 1.3:1 
ratio, 

While nutrient cycling may accomodate primary production 
on the upper shelf, nutrient influx resulting from upwelling along 
the continental slope permits accelerated secondary productivities. 
The 13% of the Bering Sea area that is continental slope has not 
previously been considered separately in carbon production budget 
estimates for the Bering Sea. 

McRoy and Goering's (1976) summer primary production 
estimate of 50 x 106 metric tons of carbon would be increased by 22% 
if a conservative interpretation of the data presented here is 
considered. 


Hydrocarbons and benz(a)pyrenes in seawater are of biogenic 





origin, with the latter exhibiting identical concentration in both 
seawater and atmosphere of 0.02%, 

Further, the organic aerosols formed from the surface 
microlayer contribute along with salt particles to the ocean 
atmosphere. These ocean-formed organic aerosols range in size from 
0.3 to 2u. 

Atmospheric sulfur dioxide results from natural processes 
involving the emission of reduced sulfur from seawater and their 
subsequent stmospheric oxidation. 

For clean, open oceanic regions, the atmospheric trace 
metal content correlates with the concentration in the water. 

Among the phytoplankters of the study area the oceanic 


species predominated. The typical oceanic species, Coscinodiscus 





oculus iridus, had maximum population densities in the depths of the 





shelf, in cold waters with low salinity. At the edge of the shelf 
the population of this species was insignificant. 

The population of the dominant species of zooplankton 
reached the maximum at the edge of the shelf (9500 organisms per 
cubic meter). In the depth of the shelf, the population was less 
(2500 organisms per cubic meter), 


The distribution of a number of oceanic species of zoo- 


plankters (Calanus cristatus, E. bungii, and Thysanoessa longipes 








was limited to the very deepest part of the polygon near the edge 


of the shelf. The cosmopolitan species, Oithona similis, had it 





maximum population near the edge of the shelf and over the shelf 


its population was reduced. The neritic species, Acartia longiremis, 











and heterotrophic organisms prevailed over the shelf in the shallow 
part of the polygon. 

The characteristics of the plankton (species composition 
and biomass) inhabiting the shallow part of the polygon were less 
variable with time than those of plankton inhabiting the area near 
the edge of the shelf in the deep part of the polygon. This is 
connected with the more active dynamics of the water near the edge 
of the shelf in the zone of influence of the Transverse Current. 

In summary, the Bering Sea is a somewhat pristine situation 
relevant to the pollutants measured. However, as has been demonstrated 
throughout the rest of the world acut short term pollutants are 
controllable. The impact of chronic exposure to pollutants either in 
a continuous low (or high) dosage is the major factor resulting in 
irreversible damage to the biosphere. It therefore behooves the 
scientifi: community to closely monitor short term levels, acute 
levels, acute sporadic levels and chronic pollutants which have 
caused both extinction and irreparable harm to the biosphere. We 
should not accelerate the extinction of life but rather cultivate 


life on earth. 
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V, SUMMARY 





Three distinct water masses - coastal, shelf and Alaskan 
Stream - were present in the study area. Coastal water located in 
the northeast region of the study area is characterized by low 
salinity and strong thermal and halo stratification. Shelf water, 
characterized by strong thermal and weak halo stratification, was 
located wouth of St. Lawrence Island to approximately the 100m 
isobath. The area south of the 100m isobath to the southern limit 
- of the sampling grid along the continental slope is considered 
Alaskan Stream water having comparatively weak thermal stratification 


and little halo stratification. 


The strong density stratification associated with shelf 
waters presents an effective barrier to sinking phytoplankton and 
the vertical transport of nutrients. The depth of the mixed layer, 
the euphotic zone and nutrient concentrations increased towards the 
continental slope. 

Geostrophic flow calculations indicated a general counter 
clockwise circulation in the area of source water and the low shelf 
area. This pattern of flow was previously reported in the Aleutian 


Basin. 





Although a general northward flow towards the Bering Strait 
seems apparent, a southward countercurrent along the Alaskan coast is 
suggested from geostrophic flow calculations and is supported by the 
salinity distribution of the area to the southeast of St. Lawrence 
Island. 

The maintenance of a cold (€0°C) water mass to the southwest of 


St. Lawrence Island indicates an unequally distributed northward flow 
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Appendix I 


Laboratory Automation Method 





Submersible probe. An IBM computer with a serial I/0 adapter, 5103 printer, 





5106 auxiliary tape drive unit and a 7406 Device Coupler served as the 
nucleus of the system for automated control of data acquisition. The IBM 
5100 was programmed in APL and had a 64K (K=1024 bytes) internal workspace. 
Magnetic tape cassettes were used for permanent storage. The IBM 7406 
Device Coupler permits the interfering of digital and analog laboratory 
equipment to a computer and provides the pathways for a two directional 
flow between computer and analytical equipment. Although the Device 
Coupler has been used to automate analytical equipment in the laboratory 
(Brown, 1977), this was the first application of this apparatus in the 


field. The IBM 7406 Device Coupler configuration included an Analog Input 


Module (AIM), A Digital Input Module (DOM) and a Digital Output Module (DOM). 


An Interocean Systems oceanographic and water quality system consist- 
ing of the model 514D digital readout and data scanners, 513D probe 
package, 510 submarine illuminance system, Oseas winch and submersible 
pump was selected for automation. The 513D probe package contained 
potenticmetric probes for the measurement of conductivity, salinity, 
temperature, pH, dissolved oxygen, turbidity and depth. The printer out- 
put of the Interocean 514D digital readout and data scanner provides 
positive logic, parallel BCD output for the four digits of its display 
as well as channel identification, decimal point location and a positive 
going print pulse. The 514D permits external scan control to advance 
channels and to reset the channel bank by the leading edge of a 5v pulse 
on either the ADVANCE IN or CONTROL IN lines of the printer output. 
Recorder putputs provide analog signals for each channel. More detailed 
descriptions of the IBM 7406 and the Interocean 514D and 513D is presented 


by Guido and Cole (1975). 
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Seven input characters of the DIM were used in the link with the 514D: 
four characters for numerical data and the others for channel identification, 
decimal point location and for program control, A user generated control 
character that was interpreted in software to continue or exit the program 
was generated by ewitches and a 5 volt source in the wiring interface box 
(Fig. 76) where character bit. lines of the 514D printer output were connected 
to the character input bit wires of the DIM cable. The negative print pulse 
required by the DIM was obtained internally from the same integrated circuit 
that produces the 514D's positive print pulse. The INHIBIT line of the DIM, 
which is normally low when data is being acquired and goes high following 
acquisition, was connected to the 514D's ADVANCE IN line to advance the 


channels of the 514D in a rapid channel advance-data acquisition loop 


(Fig. 77). Upon the reception of a print pulse emitted by the 514D, the 


INHIBIT line of the DIM went low during data acquisition from the "loaded" 
channel. When the data had been accepted the INHIBIT line went high 
stimulating a channel advante. Upon the reception of another print pulse the 
cycle was repeated. A twelve statement APL program provided the instructions 
for the 7406 to receive data from the 514D and to stimulate scanning of the 
seven channels. The program scanned the seven channels every four seconds 
with each scan requiring less than one half second. After each scan the 
control character was checked by the program and data acquisition was 
continued or termined. Upon v.ermination, a subprogram was called to order 
the data by depth and then print the data with an identifying header. Longer 
and more involved programs were originally designed to accept data from 
preprogrammed depths and to interpret the control character in greater 
detail. These programs, however, decreased the scanning frequency and thus 


were forgone in the interest of speed. 


The IBM-Interocean system collected and stored conductivity, salinity, 


temperature, dissolved oxygen, pH, turbidity, and light profiles with depth 
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Figure 76, IBM computer and interface - Interocean probe data acquisition system, 
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Figure 77, IBM computer and interface - Interocean probe system data 
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while on station. The quick responding probes of the Interocean 513D probe 
package and the rapid channel scanning capability of the Interocean 513D- 
IBM 7406 permitted data collection from all probes at discrete depths while the 


probe package was being lowered through the water colum. 


The IBM-Interocean system (Fig. 77) accommodated two-way information 
flow. Commands for data acquisition, contained in the APL programs of the 
5100, were executed by the 7406. Data from the channel scanning of the 513D 
by the 514D was transmitted to the 7406 via the DIM and AIM and then to the 


5100 computer for storage on magnetic tape cassettes and printing. 


Nutrient analysis system. Two Technicon triple track AAII systems for the 





determination of ammonia, nitrate, nitrite, orthophosphorous, silica and 
dissolved organic carbon in seawater were interfaced with the IBM equipment 
(Fig. 78) In the AAII system there is one sampler for three analytical units. 
Each test is composed of a reagent mixing module and a colorimeter. The sea- 
water samples taken from a sampling tray are peristaltically pumped through 
the system and after being mixed with colorimetric reagents are passed on to 
a colorimeter. Recorders receive a voltage from the colorimeter and transmit 
it via a transmitting potentiometer to the modular printer. The sampling in 
each of the two systems is done at a regular interval, the length of which is 
determined by the type of analysis being performed (20-120 samples/hour),. 
Though sampling for each of the three channels in AAII system is synchronous, 
the time at which the reagent-sample mix enters the colorimeter differs for 
each unit. The modular printer of the AAII system controls the sampling rate 
and accepts data from the recorders. The printers must be manually stimulated 
to accept the first peak reading from each track and thereafter maintain 
synchrony with the colorimeters and recorders. The modular printer does not 
lend itself directly to automation with this type of system. Further, the 
computer interface outputs of the modular printer transmit data serially and 


were not exploited here. 
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Analog data could be obtained directly from the colorimeters from an 
additional O-5V full scale output. However, the six colorimeters each produced 
relevant data at a regular interval but all at different points in time. The 
problem of obtaining the correct information at the appropriate time was solved 
by designing a small logic circuit. "Sample" pulses were obtained from the 
circuit boards of the modular printer to stimulate the 7406 to receive data 
from the colorimeter when the printer "sampled" the recorder of that track. 

To obtain the "sample" pulse the modular printers had to be partially dis- 
assembled and modifications made on three circuit boards of each printer. These 
signals were conducted to a logic circuit (Fig. 79) which provided the DIM 
with a print pulse and bit pattern to identify the signaling channel. The 

O-5V full scale output voltage of the colorimeter was scaled down by means of 
resistors and Trimpots to 0-2V full scale to accommodate the AIM input limit. 
The modular printers were used to maintain synchrony on each channel of the 
autoanalyzer. When the printer "sampled" a colorimeter, the DIM was stimulated 
to read the digital bits provided by the six "sample" lines from the printers. 
After identifying the signaling channel the appropriate colorimeter data was 
read through the AIM. An APL program provided the instructions for data 
acquisition. 

The API. programs used in these systems were interactive and permitted the 
operator to enter station number, location coordinates, time, depth and some 
meteorological in.ormation prior to the start of a run while on station. The 
Interocean and Technicon systems could not be operated simultaneously under 
IBM 5100-7406 control. However, this was of little consequence since the 
water samples for nutrient analysis were collected by the submersible pump of 
the Interocean 513D while the IBM-Interocean system was profiling. Turning the 
IBM equipment over to the Technicon system required only the switching of plugs 
into the DIM and AIM of the 7406 and loading the corresponding APL workspace with 


the programs for the Technicon system. The IBM 5100 computer provided the 
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expedition with secreterial and statistical services while serving as the 
nucleus for the automated system. Hydrocarbon and metal data collected by 
other scientists on the expedition in addition to data acquired through 
automation, were stored on tape in files by oceanographic station. 

Multiple copies of the data were generated at the IBM 5103 printer between 
stations and distributed among the Soviet and U.S. Scientific personnel. 
Statistical analysis, calculations for known addition methods and measurement 
corrections were performed on the 5100 while at sea. Inherent to this 
programmed system was a flexibility that accommodated modifications while 

at sea. 

The setup procedures for the system were straightforward and 
relatively uncomplicated. Most of the required wiring connections were made 
and the system assembled and checked out during the two weeks prior to the 
start of the expedition. The system was packed and transported to the 


Volna where the reassembly of this system took less than one day. 
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Observations on the Automated Oceanographic Laboratory 





The overall compatability and performance of the IBM 7406 and the 
Interocean 514D was excellent. The ability to rapidly scan the quick 
responding probes of the 513D probe package eliminated problems typically 
encountered when profiling with recorders. Taking discrete data from 
recorders is a tedious and time consuming task often complicated by the 
effect of the ship's motion on vertical profiles. This type of data 
collection system would appear to be the successor to recorder systems 
in light of the development and increasing acceptance of new potentiometric 
probe methods for seawater analysis. 

This system would be well suited to the needs of smaller research 
vessels. The entire laboratory system (computer, printer, coupler and 


digital readout) requires only six cubic feet of space. 


Sampling not by a flexible protocol involving the recognition of 
certain physical, chemical or biological phenomena (thermocline, 
chlorophyll maxima etc.) is an application that this system would permit but 
was not exploited here. Oceanographic sampling is often done in relation 
to physical and biological phenomena. Sampling criteria and sampling point 
recognition could be incorporated in the programming and executed while 
profiling through an electrically stimulated sampling device (e.g. Niskin 
Rossette type). The Technicon AAII systems did not lend themselves to this 
type of automation. Problems with maintaining synchrony between the Technicon 
printer and recorders and a floating baseline required much of the data to be 
ultimately taken from the recorders. The Technicon AAII is one of the older 
Technicon analysis systems whose use in seawater analysis is likely to be 
succeeded by the Technicon Aqualyzer. The Aqualyzer was used as a backup system 


on the expedition and would appear to be more compatible with this type of 


automating system. 
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Appendix 2 


Results of nutrient and chlorophyll a analysis 
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Table cont 

STA. DEPTH SI NH3 NO2 NO3 PO4 CHL A 
ug-at/1 ug-at/l ug-at/l ug-at/l ug-at/1 ug/l~ 

15 SURF. 1.3 6 -0 5 1.1 -10 
15 10 1.2 4 0 5 1.1 2.40 
15 25 3.5 6 -2 3.0 2.3 12.10 
15 45 3.5 7 3 3.0 2.4 41 
16 SURF. 1.0 6 1 2 1.3 15 
16 10 8 6 1 -2 1.4 1.50 
16 25 3.5 -7 3 3.0 2.4 10.60 
16 45 4.0 8 3 3.5 2.7 10.80 
17__—s SURF. 1.0 8 1 3 8 -21 
17 10 1.0 6 -l 3 8 19 
17 25 -9 8 1 8 1.7 1.68 
17 40 8 9 ol 8 1.8 75 
18 SURF. 1.5 1.0 1 2 9 - 30 
18 10 1.5 6 1 2 8 -78 
18 25 9 6 1 2 1.5 -62 
18 35 9 7 l 2 1.5 1.08 
19 ‘SURF. 1.5 8 1 4 o$ 31 
19 10 1.5 7 1 3 4 -64 
1 25 1.5 6 1 2 ° -75 
20 SURF. 5 8 -l 2 3 -12 
20 10 1.0 8 1 2 3 -08 
20 25 1.0 1.2 3 5 6 2.60 
20 45 1.0 1.3 3 5 7 77 
21 ~=SURF. 5 8 oh 2 5 -21 
21 10 -5 7 1 3 5 1.27 
21 25 8.5 2.3 2 6.0 9 1.53 
21 50 9.0 2.5 2 6.5 9 1.17 
21 58 9.0 2.5 2 6.5 1.2 79 
22 ~=SURF. 4 1.5 1 2 4 -61 
22 10 5 9 1 2 5 73 
22 25 ‘ 1.3 2 1.5 oV -73 
22 30 1.0 1.8 2 3.0 1.0 1.41 
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Table cont. 
STA. DEPTH SI NH3 NO. NO 3 PO4 CHL A 
ug-at/l ug-at/1 ug-at/1 ug-at/1 ug-at/l ug/1 
44 SURF. ov .7 1 -1 -4 34 
an 10 -3 7 ol -l -4 14 
ad 25 -7 -6 1 l 4 .69 
a4 45 9 10 l 5 5 1.33 
45 SURF. -4 -4 1 1 oS -22 
45 10 -3 4 -l -1 -4 . 39 
45 25 4.4 1.0 ! 3.2 1.0 -83 
45 50 6.5 1.8 l 4.0 1.2 -92 
46 SURF. 1.3 7 l mS 6 - 48 
46 10 1.4 .8 ] -l -5 -89 
46 25 4.6 2.4 2 3.7 1.1 -92 
46 50 5.6 2.9 2 4.6 1.3 81 
47 SURF. 1.3 -6 i -l 3 1.02 
47 10 1.3 .7 1 of 3 1.20 
47 25 7.0 1.1 2 5.0 1.0 1.81 
47 50 47.2 6.0 -4 20.0 3.0 -43 
47 75 47.5 7.6 4 23.0 3.1 .20 
48 SURF. 4.0 1.1 .2 5.0 1.0 1.55 
48 10 5.0 -6 2 5.0 1.0 35 
48 25 10.0 9 -4 11.0 1.5 -78 
48 50 30.3 1.4 .7 27.0 2.4 -23 
48 75 42.0 1.2 .2 23.0 2.8 29 











Te 
0. mi /) PO at/) Si at/) 


Sta, # Depth USA USSR USA USSR USA USSR USA USSR 
Q { d, y 6 ? 4 3) 10 1] le 14 14 oe 
. - _———-« . << — — oe ae Ow . - -_ - 2: ee - - eee ee oe oe. “* -- - oo - ~—-- oo © =< <0 - uM @) 
) 200 gd} «“O,13 6,99 7,03 «0,04 QO,90 (), 34 0,57 1.4 6,3 “4.9 % 
Q 
10) R00 4.48 «0,48 "(a 7.08 «0,05 O,80 Q, 34 O,4' le BA, rs 7 
WwW 
| 8. 33 «9,23 RB 4h BiAd -(), 08 1.0 (), 68 O, 40 | 9,4 =, 3 
5() ds 9g -(),4] 6,59 6.70 «0, 1) 1,7 0,99 74 11.5 14,8 -7,3 
” (60) 7,5) 9? =(),4] 6) 6,93 -(),71 3,9 13.5 | -l1.6 
109 5,07 0.20 7,05 7,23 «9,18 1.30 O.49 0,8) 0,50 6.3 -5, 80 
3.0 ar “QO, 34 7,05 7,47 -O,10 1, 30 0,82 0.48 0.50 6,3 -5 RO 
é 4, Pd, “0,40 474, », 30 «(), 56 2.70 1,00 1.70 5.50 l4.7 9, 20 
7.65 2,00 -Q, 35 7.21) 7,74, -(),53 4,10 L,1le 1.98 6.00 18.0 “12.0 
13,27 8.22 5.05 7,38 7,44 0.04 1.40 0,53 0,87 3,50 6,3 -2,80 
13,23 246 4.177 7,38 7,36 0.02 1, 30 0.49 0.81 3,00 6.3 -3, 30 


D5 13, 80 8,2) 5,59 10,59 9,60 0.99 1.80 0.94 0,86 2.00 8,5 -6.50 


58 7,90 6,68 6.16 6.70 -0,54 4.20 1.05 3.13 17.5 11.5 -6.0 














pH, 0*m1/1 Po*=-P at/1 Si at/l 
St. # Depth USA USSR USA USSR USA USSR USA _—_—USSR 

1 2 3 4 5 6 ” a ) 10 ll 2 13 14 

d 0 8,25 8,35 -0.10 7.04 6.93 0.11 2.10 0,79 1,31 2.3 6.3 4.0 
10 8,26 8, 36 -0.10 7.06 7.05 0.03 2.0 0,80 1.20 3.1 6.3 #3.2 
25 8, 26 8, 36 -0.10 7,26 7.17 0.09 2.1 0.98 1.12 4.3 14.3 10.0 
50 8.08 8,23 -0.15 7,50 7.16 0.34 4.0 1.78 2.22 34.5 41.9 #704 
75 7.98 8.09 -0.11 6.60 6.82 -0,22 4.4 2.06 2.34 51.0 52.4 <1.4 

5 0 8.33 8.31 0.02 7.08 7.11 +0.03 1.6 0.66 0.94 5.0 6.27 -1,27 
10 8,31 8, 32 -0.01 7.02 7.10 0,08 1.8 0.80 1.00 4.0 7.3 =3.3 
25 8.24 8.10 -0.14 7.31 7.00 0.31 3.1 1.06 2.0, 15.0 17.1 ~-2.1 
50 8.06 8.13 -0.07 6.88 6.60 0.28 4.4 1.61 2.79 33.5 44.0 -10.5 
75 7.97 8.07 -0.10 6.00 6.46 -0.46 4.6 1.98 2.62 44.0 54.4 -10.4 

6 0 8.41 8.28 -0.13 6.97 7.02 +-0.05 0.60 0.49 0.11 1.7 7.3 5.6 
10 8.42 8.37 -0.05 6.95 6.95 0.29 0.30 0.66 -0.36 5.0 6.3 -1.3 
25 8.40 8,38 -0.02 7,86 7.86 0.00 1.2 1.70 +-0.50 5.65 14.6 -91 
50 8.06 8,13 -0.07 7.30 7.18 0.12 4.6 2.43 2.17 36.0 37.7 1.7 
75 7.98 8.03 -0.05 6.49 6.75 0.26 5.1 2.57 2.53 54.0 56.5 =2.5 

7 0 8.35 8.18 0.17 7.11 7.15 =0.04 1.3 0.63 0.67 1.0 6.3 =5.3 
10 8. 36 8.33 0.03 7.19 7.27 = -0.08 1.2 0.82 0.38 1.00 10.9 -9.9 
25 8. 36 8.34 0.02 7.54 7.60 -0.06 1.5 1.28 0.22 2.0 17.8 -15.8 
50 8.06 8.14 -0.08 7.04 7.45 0.41 4.1 1.9% 2.16 33.0 41.9 -8.9 
75 8.03 8.10 -0.07 6.72 7.24 0.52 4.4 1.94 2.46 72.0 62.8 -9%2 








*$92 























O5 m1/1 PO,-P at/l Si at/l 
Station Depth USA USSR USA USSR US USSR SA USSR 
Number 
I i 2 3 4 5 6 7 , ) 10 L 12 13 Ld, 
rm ; = 
0 8,27 8,28 -0,01 7,65 6.93 0.72 2.7 0.66 2.04 10.0 9.43 0,57 
10 8,26 B,25 ),01 7,73 7,08 0.65 2,7 0,66 2.04 12.8 9,00 3,8 
25 8,22 8.18 0.04 8,07 7,23 0.84 3.4 0.79 2.6) 21.0 12.2 8.8 
50 8.04 8.01 0.03 7.00 6.70 0.00 4.6 1.45 3,15 41.0 39,80 le 
’ 75 7,97 7,90 0.07 6.32 6.12 0.02 5,3 1.78 1,56 57.0 54.4 6 

2 0 8.24 8.12 0.12 7.47 7.03 0.44 2.2 0,95 1.25 6. 6.27 -0.27 
10 8.24 8,19 0.05 7.54 6.03 1.51 3.2 1.06 2.14 16.0 6.27 73 
25 8.23 8,22 0 01 7,81 7.46 0.35 3.8 1.20 2.60 19.0 9.57 9.43 
50 8.16 8.15 0.01 8.08 6.94 1.14 4.8 1,28 3,52 57.0 2 11.9 
75 8,0] 8,05 0.04 6.89 6.17 0.72 5.2 1.70 3.50 61.0 44.0 17.0 

3 0 R, 25 2,19 0.06 7.40 6.95 0.45 1.7 0.66 1.04 2.5 73 “4.8 
10 8,27 R.24 ).93 7.42 7.25 0.17 1.6 0.58 1.02 1.5 6.8 -5.3 
25 8,29 8.29 1.00 7.6 7.59 0.26 1.8 0.54 1.26 2.2 9.4 -7.2 
50 2.18 8.29 -0.11 0.07 7.55 -7.48 3.0 0.82 2.18 12.6 12.6 0.0 
75 8.06 7.92 0.14 7.24 6.96 0.28 4.2 1.54 66 31.0 27.2 1.8 





Sta # 





pH. 0 m/l PO. at/l Si at/l 
Depth USA USSR USA USSR USA USSR USA USSR 
l 2 3 4 6 7 8 9 10 ll 12 13 14 
8 0 8. 8, 0.15 6.9 7.0 -0.11 2.5 0.33 2.17 3.0 6.1 -3.1 
10 8.40 8. 36 0.04 6.95 7.22 -0.27 2.5 0.33 2.17 3.0 6.1 -3.1 
25 8.42 8,32 0.10 7.08 7.44 -0. 36 3.0 1.62 1,38 3.0 10.0 -7.0 
50 8.11 8.12 -0.01 7.44 6.04 1.40 - 2.24 - 36.0 20.7 15.3 
75 7,79 7.98 -0.01 6.29 6.12 0.17 3.1 2.34 0.76 84.0 60.7 23.3 
9 0 8.47 8.32 -0.15 6.99 7.13 -0.14 1,1 0.49 0.61 6.5 8.4 -1.9 
10 8.49 8.48 -0.01 6.99 7.19 -0.20 1.0 0.49 0.51 7.0 8.4 “1.4 
25 8.43 8.38 0.05 8,31 7.68 0.63 0.80 1.20 -0.40 7.0 18.8 -11.8 
50 8.02 8.03 -0.01 7.00 6.89 0.11 2.5 2.43 0.07 56.0 49.2 ~6.8 
75 7.95 8.05 -0.10 6.24 7.04 0.80 2.9 2.47 0.43 83.0 49.2 33.8 
10 0 8.39 8.23 0.16 6,88 6.93 -0.05 1.0 0.16 0.84 0.5 4.4 -3.9 
10 8.40 8.40 0.00 6.89 6.98 -0.09 0.10 0.16 -0.06 0.5 4.2 -3.7 
25 8.48 8.40 0.08 7.65 8.36 0.71 1.0 0.42 0.58 5.3 16.8 - 11.5 
50 8.06 8.13 0.07 6.91 7.45 <-0.54 3.6 1.12 2.48 10.5 20.6 -10.4 
75 8.04 8.13 -0.09 6.65 7.50 -0.85 4.1 1.28 2.28 12.5 22.8 -10.3 


“L492 


O ml/) PO at./] Si at/\ 
2 “ 


4 Depth USA USSR USA USSR USA USSR USA USSR 


ET 0 TT 
- 2. 4) ~ 7.00 r, 44 “QO, 44, 1. 30 ).66 0.64 &. 20 9.2 

() = 3.47 e P40 7.027 QO.) 3 1.20 0.66 0.54 2.00 5.2 
e 860% ° 10.40 76 0.64 40 0.79 1.61 ?.60 8.9 

5() . 195 - 6.49 6.79 -(), 30 3,50 O.8 68 13.5 11.5 
3 2 4 10, 9 OR oO ‘ab - 0.59 - - B.4 

) mK A ri) 7.00 0.09 - 0,59 - - 9.4 
A 8... 9,57 9,66 “(9,09 - QO.71 - - 11.4 

. , Oo” - 7.04, 6.44 1) 1.30 0.16 1.14 1.00 7.3 

10 : 243 ‘ ri.) 7,08 0.03 1.40 0.16 1.26 0.80 8.4 
: 2 Od - 9,04 a 43 0.7) 2.40 0.59 1.81 3.50 19,4 

‘ ‘(O) « 200 ‘i r 80 2006 0.26 2.70 0.76 1.94 4.00 27.2 


EP 


USSR 


O ml/1 PO at/! 
2 


USSR USA USSR 





17 0) - 7.99 7.06 6.83 0.23 - 0.59 
10 - 8.17 04 6.98 0. 06 - 8 
25 - 8.10 8.19 8.76 -0.57 ~ , 
50) 
75 

18 ) - 7.92 6.89 - - 0.90 16 
Lo - 8,07 6.87 6.9% -0.07 0.80 0.43 
5 - 3.10 8.40 8,83 -0.43 1.50 0.7. 
50) 
75 

19 0 - 5 8.37 7.46 0.91 0. 5 0.33 
LO - R39 8. 36 8.46 -9.10 0.40 ).49 
25 - 8.13 9.23 8.46 -0.77 0.40 0.15 
50 


REG 











»40 


.60 


.60 


BO 


5.80 


.80 








O m/l PO at/l Si at/l 
Sta. # Depth USA USSR USA USSR USA USSR USA 

l 2 3 4 6 7 8 9 10 ll le 14 

21 0 - 8.18 8.10 6.95 15 0.30 0.33 - 0,0 0.50 7. -6.8 
10 - 8.27 8.10 6.89 .21 0.30 QO.33 -0.- 1.0 7.3 -6.3 
25 - 8.16 9.96 7.92 04 Q.60 0.49 O.11 1.0 7. -6.8 
50 
75 

22 QO - 8.26 8.19 7.03 .16 0.50 0.66 -0.11 0.50 6. -5.8 
10 - 8. 34 8.24 6.98 26 0.50 0.49 -0.00 0.05 6. 
25 - P.06 9.98 8. 36 62 0.90 Q.51 0.39 8.50 12 -4.2 
50 - 8.02 9.02 8.30 72 0.90 0.66 0.24 9.00 16. -7.8 
75 

23 0 ~ 8.25 8.85 7.39 -46 0.40 0.33 0.07 0.40 8. -8.0 
10 - 8. 34 8.82 8.08 «74 0.50 0.33 0.17 0.50 8. -8.3 
25 - 8.24 9.51 8.16 35 0.70 1.08 -0, 38 0.70 9. -8.5 
50 ° - 9.20 - - 
75 


270 





QO ml/l PO at/l Si at/l 
Sta. # Depth USA USSR USA as usa USSR USA USSR 

l 2 3 4 6 7 9 10 ll 12 13 14 
23 0 - 8.38 8.28 6.93 35 0.40 0.16 0.24 3.00 6.5 -3.5 
10 - 8.44 8.32 7.08 24 0.30 0.16 0.14 2.50 6.3 -3.8 

25 - 8.34 9.29 17.40 .89 1,30 0.28 1.02 9.00 11.9 “2.9 

50 . 8.03 7.47 6.89 56 2.80 0.63 2.17 38.0 27.2 10.8 

75 - 7.97 7.31 6.43 .88 3.10 0.79 2.31 45.0 42.3 27 

24 0 - 8.22 8.35 7,03 32 0.90 0.16 0.74 4.30 6.3 -2.0 
10 - 8.31 8.32 7.08 124 1.20 0.20 1.00 4.20 6.3 -2.1 

25 - 8.28 8.71 7.63 08 1.40 0.26 1.14 7.50 15.2 -7.7 

50 - 8.14 8.54 7.26 .28 2.50 0.95 1.55 37.0 37.7 -0.7 

75 . 8.02 7.56 6.48 08 2.80 1.94 0.86 51.5 46.1 5.4 


2 7/ 
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As the Nation's principal conservation agency, 
the Department of the Interior has responsibility for 
most of our nationally owned public lands and natural 
resources. This includes fostering the wisest use of 
our land and water resources, protecting our fish and 
wildlife, preserving the environmental and cultural 
values of our national parks and historical places, and 
providing for the enjoyment of life through outdoor 
recreation. The Department assesses our energy and 
mineral resources and works to assure that their 
development is in the best interests of all our people. 
The Department also has a major responsibility for 
American Indian reservation communities and for people 
who live in island territories under U.S. administration. 
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